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序文と要約
（IntroductionandSummaryinJapanese）
科学技術政策研究所では、平成16年2月12日に「研究開発と『企業の境界』－バ
イオテクノロジーの産学連携と企業間提携」と題する国際コンファレンスを開催し、海
外からお招きした著名な研究者5名を含む8名による講演をおこない、政策担当者、
産業界、シンクタンク、大学研究者など計200名強のご参加を得た。翌13日には、こ
れら海外からの研究者に加え、国内の研究開発戦略・科学技術政策研究者16名を
招いて研究セミナーを開催し、7本の論文報告を中心に活発な討論をおこなった。本
資料は、当日発表された論文を取りまとめたものである。
最初の論文は、小田切と中村健太氏によるもので「研究開発における企業の境界の
決定要因一委託研究・共同研究・ライセンシングの日本企業データによる実証分析」
と題されている。ここでは日本の製造業企業約14，000社のデータを用い、研究開発の
外注の3形態である委託研究、共同研究、技術導入（ライセンシング・イン）の決定要
因を分析している。ただし、サンプル企業の過半数が何らの研究開発活動もおこなっ
ていないことに着目し、第1段階で、その企業が何らかの研究開発活動をおこなって
いるかどうかを識別し、おこなっている場合には、第2段階として、外注研究の個々の
形態をどれだけおこなうかを決定するという2段階のモデル（ダブル・ハードル・モデ
ル）を考え、それにより決定因を推定している。その結果、規模が大きく、研究開発集
約的で、さらに垂直統合し多角化もしている企業ほど、また、特許による技術の専有が
効果的な産業にいる企業ほど、外注研究をおこなうことが明らかにされている。
第2の論文は、長岡貞男教授による「研究開発と市場価値一専有可能性と先買い」
である。ハーバード大学のグリリカス教授らは、トービンのqの対数値が無形資産と有
形資産の比に依存するというモデルを示したが、筆者は、産業組織論的な観点から得
られるプライス・コスト・マージンの決定式をトービンのq決定式に導入することにより、ト
ービンのqの対数値は無形資産・有形資産比率ではなく、無形資産の大きさそのもの
に依存することを導き出した。そのうえで、日本の企業2367社・4年のパネルデータを
用い、無形資産を研究開発費で近似して計測して回帰分析をおこなった結果、トービ
ンのqの対数値が実際に、無形・有形比率ではなく無形資産額に有意に依存すること
を検証している。また、企業のマーケットシェアはトービンのqに正の効果を与えるもの
の、マーケットシェアと研究開発費の交叉項はむしろ負の係数を持っことから、マーケ
ットシェアの高い企業が「先買い」という戦略的行動により高い収益を得ているという仮
説は否定されるとする。
第3の論文は、ロバートケネラー教授による「日本の企業とイノベーションの概観」で、
特許データにより日米間でのイノベーションの構造の違いを分析している。特許庁の
調査によれば、ゲノム・タンパク質関連技術においてアメリカ特許の40％がベンチャー
企業によるものであるのに対し、その比率は日本では12％、ヨーロッパでは6％に過ぎ
ない。一方、大企業の特許の比率はアメリカでは50％であるのに対し、日本でもアメリ
カでも72％に達する。筆者は、このように日本の特許が大企業中心であることを、医療、
エレクトロニクス、ナノテクノロジーなどの8分野について1995年、2003年の日本特許
とアメリカ特許を比較することにより確認している。
第4の論文は、スコット・シェーン教授による「専有可能性とイノベーションのタイミング
ーーーーMITにおける発明からの証拠」で、マサチューセッツ工科大学（MIT）の発明で
1980－1996年に民間企業にライセンシングされた805件のデータを用い、企業がその
後当該技術の商品化に成功したか、商品化を断念したかの確率を、ハザード率の手
法を用いて実証分析している。その結果、特許の強さ（専有可能性）が高いほど、また
特許の範囲（特許がカバーする分類の広さ）が広いほど、成功する確率が高いことが
示されている。また、特許が古くなっていくに従い断念確率は当初低下していくが、特
許が古くなると特許残存期間が短くなるために期待利益が低下し、このため一定時点
から断念確率が上昇するというU字形の関係があることも発見している。
第5の論文は、元橋一之教授による「産学連携の経済分析一日本のイノベーション
改革における新規技術型企業の役割」で、経済産業研究所が実施した産学連携につ
いての企業への質問票調査結果を、企業データと結合して分析している。その結果、
中小企業では若い企業ほど産学連携をする傾向があることが見られ、また、特許や生
産性で計った成果に対する産学連携の効果を調べると、特許への正の効果、自社研
究開発費の生産性に対する弾力性に対する正の効果など、一定の（ただし必ずしも統
計的には有意でない）効果があることが確認されている。
第6の論文は、リー・ブランステッタ一教授による「学術的研究は産業イノベーション
の急増に貢献しているか一特許引用からの証拠」で、アメリカ特許における文献への
引用のうち、カリフォルニア州主要4大学の研究者の論文への引用に焦点を当てる。
すると、こうした引用が1980年代から90年代にかけて急増しており、学術的な科学研
究がイノベーションに与える貢献が大きくなっていること、ただしこの傾向はバイオテク
ノロジー関連で特に顕著であり、IT関連がそれに次ぐこと、特許と被引用文献の間に
地域的な近接性が見られることなどがわかる。筆者はこのことから、大学研究から技術
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革新への貢献は学術論文によるところが大であり、必ずしも大学における特許取得や
TLOの活動によるものではないことを示唆している。
最後に、第7の論文は、ジョン・ウオルシュ教授による「金の鷲鳥は飛ぶか肩公共的
研究の産業研究開発への影響についての日米比較分析」で、1994年に日本と米国
でおこなわれたサーベイ調査（日本については科学技術政策研究所調査）を比較す
ることにより、公共部門における研究の産業技術開発に対する貢献は日米でともに高
く、どちらかといえば日本における方が高い傾向があることを示す。ただし、通信機器
や自動車産業においてはむしろ米国の方が高い。こうした日米の差は、一部は企業
規模、基礎研究比率、労働者配置転換頻度などで説明されるものの、それらをコントロ
ールしても日米差が残っている。
以下、本資料では各報告者から提出された論文7編をそのままに収録しており、何ら
の編集作業をもおこなっていないことを付記する。また、以上の紹介における日本語タ
イトルおよび要約は本資料の編者（小田切）によるもので、論文筆者の校閲を受けたも
のではない。したがって、正確には原論文をお読みいただきたい。さらに、論文によっ
ては他の形態（他機関からのディスカッションペーパーその他）でも刊行されているも
のがあることを付け加えておく。
最後に、同研究セミナーでご報告いただき、またこの調査資料への収録を快諾いた
だいた発表者、および研究セミナーに参加して活発な議論をおこなっていただいた参
加者の各位に篤く御礼申し上げる。
科学技術政策研究所第1研究グループ
総括主任研究官
小田切　宏之
iii
PrefhceinEnglish
On12February2004，theNationalInstituteofScienceandTbchnologyPolicy
（NISTEP）heldanIntemationalConferenceon”R＆DandtheBoundariesoftheFirmー
University，IndustryCollaborationsandResearChAllianCeSinBiotechnology．”With
PreSentationsbyeightspeakersincludingfivedistinguishedscholarsfromabroad，the
ConfbrencewassuccessfulwiththepartlCIPationofmorethantwohundredpeople
rangingfrompolicymakers，industrypeople，andresearchinstitutionmembersto
universltyaCademics．
Onthefollowlng13February，NISTEPinvitedthesefivescholarsfromabroadaswell
assixteenscholarsinJapantohaveaResearchSeminarOn’一R＆DStrategyandScience
andTbclmologyPolicy．H SevenpapersWerepresented，followedbyintensebut
丘iendlydiscussions．Thisvolumeiscompiledfromal1thesevenpaperspresentedat
thisseminar．
Wenotethatthesevenpapersareincludedherewithoutourmakinganyeditingandthat
manyofthepapershavebeen（OrWillbe）printedelsewhereinjoumalS，WOrkingpapers，
andsuch．Wewishtothanktheauthorsofthesepapersformakingpresentationsatthe
NISTEPResearchSeminarandforallowlnguStOrePrOducethepapersinthismanner．
Wealsothankal1thepartlCIPantSOftheseminarforlivelyandstimulatingdiscussions．
HiroyukiOdagiri
Director，FirstTheory－0rientedResearchGroup
NationalInstituteofScienceandTbchnologyPolicy
lV
Date：
Venue：
爛rEP月どぶe〝dHk〝彿削げ
’’R＆DStrategyandScienceandTbchnologyPolicyH
13February2004（Friday）
TbkyoIntemationalForum（MeetingRoom，G610），
Language：　　　English
里！竺g［型竺
10：00－10：50　∫の∫の〃JJJのぬかのJ月度JI
－　HiroyukiOdagiri（NISTEPandHitotsubashiUniversity），”R＆DBoundaries of
the Firm：AnEstimationofthe Double－Hurdle ModelonCommissioned R＆D，
JointR＆D，andLicensinginJapan”（WithKentaNakamura）
10：50－11：10　CoffbeBreak
ll：10－12：50　伽の〃1＿C〝〃鋤〃gd
Chair：Tbmohiro勾ichi（NISTEPandHitotsubashiUniversity）
－　Sadao Nagaoka（Hitotsubashi University），”R＆D　and Market value：
Appropriabilityvs．Preemption■’
－　Robert Kneller（University of Tbkyo），HJapan’s Corporate and hnovation
Landscape”
12：50－14：00　Lunch
14：00－15：40　塾運生型＿呈三＿塑！迦型虫垂！塾生巴遊動塾型塾型＿＿
Chair：FumioKodama（ShibauraInstituteofTbchnology）
－　Scott A．Shane（Case Westem Reserve University），”Appropriability and the
Timing of hnovation：Evidence　from MITInventionsH（with Emmanuel
Dechenaux，BrentGoldfafb，andMarieC．Thursby）
－　Kazuyuki Motohashi（University of Tbkyo），”Economic　Analysis of
University－IndustryCollaborations：TheRoleofNewTbchnologyBasedFirmSin
JapaneSeNationalhnovationRefbrm一’
15：40－16：10　CoffeeBreak
l6：10－17：50　塾運2竺旦＿塑旦遊星辺地坐型壷＿型処塑型生』塾生空型L
Chair：HiroyukiOdagiri（NISTEPandHitotsubashiUniversity）
－　LeeBranStetter（ColumbiaUniversityandHitotsubashiUniversity），HIsAcademic
Science Driving a SurgeinIndustrial　hnovation？：Evidence　from Patent
Citations”
－JolmP Walsh（University of Tbkyo），”Doesthe Golden Gooseltavel？：A
ComparativeAnalysisofthehfluenceofPublicResearchonIndustrialR＆Din
theU．S．andJapan”（WithWesleyM．Cohen）
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R＆DBoundariesoftheFirm：
AnEstimationoftheDouble－HurdleModelon
CommissionedR＆D，JointR＆D，andLicensinginJapan
KentaNakamura＊andHiroyukiOdagiri†
February2004
PaperpresentedattheNISTEPResearchSeminar，“R＆DStrategyandScienceand
TbchnologyPolicy；’13February2004．Thisisashortenedandslightlyrevisedversion
Of“DeteminantSOfR＆DBoundariesoftheFirm：AnEmpiricalStudyofCommis－
SionedR＆D，JointR＆D，andLicenslngwithJapaneseCompanyData；’NISTEPDis－
CuSSionPaperNo．32．ThecurrentversionwasalsoprintedasCO町RESDiscussion
Paper，No．17，HitotsubashiUniverslty・AnyoplnlOneXPreSSedinthispaperistheau－
thors’aloneanddoesnotrepresentanyoftheinstitutionstheauthorsarea瓜liatedwith．
AnearlierversionwaspresentedatNISTEPInternalSeminar，HitotsubashiUniversity
Workshop，andthe2003SpringMeetingofJapaneseEconomicAssociation．Wtthank
R．WakasugiandotherpartlCIPantSfbrhelpfulcomments・
＊Ph．D．Candidate，GraduateSchoolofEconomics，HitotsubashiUniversity，RsearChFellow，theJapan
SocietyforthePromotionofScience
†professor，GraduateSchoolofEconomics，HitotsubashiUniverslty，DirectorofResearch，National
InstituteofScienceandTbchnologyPolicy
胃1－
Abstract
ThispaperstudiesthedeterminantsofR＆Dboundariesofthe丘rm，namely，thefirm，s
ChoicebetweenperformlngR＆Din－housevelTuSPrOCurlngit丘・OmOutSide・Wtsepa－
ratethreemodesofpTVCuredR＆D－COmmissionedR＆D，jointR＆D，andtechnology
acquisitions（i・e．，licensing－in）－and，uSingthedataofabout14，000manufacturing
firmsinJapan，eStimatethedeteminantsofeachmode．Twonoveltiesareincorpo－
ratedinthisanalysIS・First，becausethemaJOntyOfthesamplefirmsdonotperform
anyR＆Dactivityatall，WeeStimateamodi丘eddouble－hurdlemodelinwhichthe丘rst
hurdledetermineswhetherthe丘rmperformsanyR＆Datallandthesecondhurdlede－
termineswhether（andhowmuch）itperformSeaChmodeofprocuredR＆D．Second，
WeemPloybothfirmvariablesandinduStryvariables（weightedwiththefirm’ssales
COmPOSition）totestthetwomqjortheoriesoftheboundaryofthefirm，thatis，the
tranSaCtioncosttheoryandthecapabilitytheory・Theresultsgenerallysupportthese
twotheories：theestimatedpositivee鮎ctsoffirmSize，in－houseR＆Dintenslty，diver－
Sification，andverticalintegrationsupportthehypothesisthatcapabilityisneededfbr
PrOCuredR＆D，Whiletheestimatedpositiveefrbctoftheindexofappropriabilitywith
PatentSSuPPOrtSthehypothesisthat坤PrOPriabilityreducestransactioncosts．
JELClassificationCode：D23，L22，031
Keywords：
FirmBoundaries，CommissionedR＆D，JointR＆D，Licenslng，TransactionCost，
Capability
一2－
l Introduction
廿aditionally，theissueoftheboundaryofthefirmhasbeendiscussedinrelationto
make－Or－buydecisionsinaverticalchainofproduction・Howmuchsupplyofmaterials
andpartsis（andshouldbe）integratedhasbeenatthecenterofboththeoreticaland
empiricalstudiesontheboundaryofthefirm．
Thisissuehasbecomeacriticaldecisioninthefirm，sresearchanddevelopment
（R＆D）strategyaswe11・Withtechnologiesbecomingmorescience－basedandcomplex，
andwithcompetitionbecomlngmOreintensiveonaglobalscale，itisnowdimcultfor
anyfirmtodevelopallthetechnologiesbythemselveS・Moreandmore，firmSdependon
SCientificknowledgegeneratedinuniversities，teChnologleSaCquiredfromotherfirmS，
andallianceswithotherfirmS，universities，andresearchinstitutes・ThistendencylS
Particularlystrongwithsuchhigh－teChindustriesaspharmaCeuticals，Chemicals，elec－
tronics，andautomobile（e．g．，Hagedoorn，1993，2002）．Intheseandotherindustries，
howmuchR＆Dshouldbeperfbrmedin－houseandhowmuchR＆Dshouldbeprocured
fromoutsidehavebecomeoneofthecentralstrategicdecisionsinR＆Dmanagement．
FollowingthepioneeringworkofTbece（1986），anumberofstudieshaveinvestigated
thedeterminantsofR＆Dboundariesofthefirm．Theresultshavebeenmixed．For
example，regardingtheeffbctofin－houseR＆Dorpatents（Oritsintensity）onvariables
OfR＆Dalliancesorcollaborations，AroraandGambardella（1990，1994）andlゐugelers
（1997）fbundasignificantpositiveeffbct，SuggeStingcomplementaritybetweeninternal
R＆DandexternalR＆D．However，KleinknechtandReijnen（1992）foundtheeffbctto
beinslgnifiCanteXCePtforcollaborationswithfbreignresearchinstitutes．Furthermore
Rocha（1999）fbundtheeffbctofR＆Dintensityontheratioofjointpatentapplications
tobenegative，thoughinslgnificant．
Inthispaper，We aimto analyze suchdeterminants，uSlngaCOmPrehensivedata
OfmanufhctunngfirmSinJapan・Ourstudyisunlqueinseveralrespects・First，
Whereasmostoftheexistlng Studieswereconfinedtoparticularindustries，SuChas
biotechnology，OrtOaSmallnumberoffirms，WeuSealargedatasetofqpproximately
l4，（泊OJapanesefirmSthatcoverallthemanufhctunngindustries．Second，We叩Plya
double－hurdlemodel（Cragg，1971）inordertoinvestigatethetworstepdecisions，that
is，WhetherornotthefirmshouldperfbrmanyR＆Datalland，ifitshould，howmuch
itshouldspendfbrextemalR＆Dresources．nLird，tOtakeintoaccountthefhctthat
firmSPrOCureeXtemalR＆Dresourcesthroughdiversemeans，WeSeParateCOmmis－
SionedR＆D，jointR＆D，andtechnologyacqulSltlOnS．Fourth，aSthedeterminantSOf
thesemeansofprocuredR＆D，WeeXaminenotonlyfirmcharacteristics，SuChasfirm
Size，R＆Dintenslty，diversification，Verticalintegration，OWnerShip，andcashflow，but
alsotechnologicalandindustrialcharacteristics．Thelatterarerepresentedbythein－
dexesofappropriabilitybypatents，theextentofinformationnow，andinnovationspeed，
WhichwerederivedfromthequestionnairestudyofGotoandNagata（1996）．These
Variables，WeWillargue，areCloselyrelatedtothetwomaJOrtheoriesoftheboundary
Ofthefirm－thetransactioncosttheoryofWilliamson（1975，1985）andthecapability
theoryofPenrose（1959），NelsonandWinter（1982），andothers．
Theremainderofthepq）erisorganizedasfbllows。Inthenextsection，Wedefine
threemajorfbrmsofprocuredR＆D－COmmissionedR＆D，jointR＆D，andtechnology
acqulSltlOnS－anddiscussthefundamentaldifferencesamOngthem．InSection3，
Wediscusstheabove一mentionedtwotheoriesoftheR＆Dboundaryofthefirm．In
Section4，WeeXPlainthedatasourceandthevariablesonprocuredR＆Dtobeusedas
thedependentvariablesinourregression・InSection5，WeeXPlainourdouble－hurdle
model・InSection6，WeeXPlaintheindependentvariables，tOgetherwiththehypotheses
Ontheire鮎ctstoprocuredR＆Dand，inSection7，WePreSenttheestimationresults．
Finally，Section8summarizesourfindingsandconcludesthepaper．
2　In－houseR＆DversusProcuredR＆D
‘In－houseR＆D’（IRD）refbrstotheactivityofthefirmwherebyitsetsupandfu1丘lls
aresearchprqJeCtWithinitself，byemploylngneCeSSaryreSOurCeS，SuChasresearchers，
researchmaterials，andequlPment・Alternatively，1tCanPrOCureaPartOftheR＆Dac－
tivityfromoutside・Inthispqper，Weinvestlgatethreemodesofwhatwecall‘procured
R＆D’；COmmissionedR＆D，jointR＆D，andtechnologyacqulSltlOnS．Theydifrbrin
importantWaySl・
lsomeauthors（e．g．，Audretschetal．，1996，andB6nte，2（X3）usedtheterms，‘intemalR＆D，and
‘externalR＆D’，inplaceof‘inThouseR＆D’and‘procuredR＆D’．Weprefbrtheterm，‘procuredR＆D’，
to‘externalR＆D’because externalR＆D canbe worthless unlessthe丘rmmakes deliberate efforts to
PγOCureit，bymakingsacrificesintheformOfpaymentsortheallocationofitshumanandotherresources．
AlthoughthefirmmayalsoeItioythebene丘tofexternalR＆DwithoutpaymentthroughspilloveTT，they
arenotthesubjectofthepresentstudy＝fbrspillovers，SeeGriliches（1992）．
乃chnologyacquisitions（TA）arethepurchaseoftechnologiesthrough，mOStCOm一
monly，1icenslng－1nOfpatents．NonLPatentedtechnologleS，SuChasknowhowandcon－
Sultancy，maybealsopurchased．AsalientfeatureofTAisthatthetechnologytobe
tradedhasbeenalreadyinventedbythetimethecontractismade；therefore，unCertainty
islowerastotheoutcomefromthecontractandtheobjectofthecontractcanbemore
Clearlydefined．Thatis，the‘predictability’oftheoutcomeishigherandsoisthe
‘definability，oftheworktobeconductedtofu1fi1lthecontract（Odagiri，2003）2．
BothpredictabilityanddefinabilityarelowerincommissionedRW（CRD）andjoint
R＆D（JRD），OrRWalliancesastheyarecollectivelycalled，becausetheyneedtobe
COntraCtedbefbretheactualR＆Dprocessistobestarted・CRDandJRDdi鮪rwithre一
gardtothewaythepartlCIPantSareinvoIvedandtheoutcomesaresharedbetweenthem．
InJRD，theR＆Dworkistobesharedbytheparticipants，eaChofthemcontributing
R＆Dfundsand／orR＆Dpersonnelwhereas，inCRD，theR＆Dworkisbasicallythere－
SPOnSibilityofthecommissionedparty．ThecommissioningpartyprovidesR＆Dfunds
asstlPulatedbytheCRDcontractandusuallyreceivestheentirerighttotheR＆Dout胃
COme．
Incompletede丘nabilityandlowpredictal）ilitycancauseinformationasymmetryamong
thepartnersand，thereby，mOralhazards・Forinstance，inCRD，thecommissioned
Party（Say，FirmB）mayrealizeduringthecourseofthecommissionedresearchthat
thechanceofcomlnguPWithaninventionisactuallymuchlowerthanwaspredicted
atthetimeofthecontract・However，ifthecommissioningparty（FirmA）isunaware
Ofthisfhct，BmaybetemptedtoconcealitsothatitcankeeprecelVlngtheresearch
fundfromA・InJRD，afree－riderproblemmayoccurbecauseeachparticipatlngfirm
hasanincentivetominimizeitscontributionandyettoreceiveinfbrmationfullyfrom
theprqectandthepartners．Thus，neitherCRDnorJRDisfreefromtransactioncosts
asbroadlyde丘ned・1ねt，bothareusefulintheexploitationofcapabilitiesheldbyother
PartnerS，WhichprovideastrongmotivationforprocuredR＆D・Itisthussuggestedthat
WeneedtolnqulreintotheissuesoftransactioncostsandcqpabilitiestostudytheR＆D
boundariesofthefirm．
2Tbchnologymaybealsoacquiredthroughacquisitionofpatent－holdingcompanies（Huber，1991；
AhqjaandKatila，2（氾1）・IntheUS，M＆AsforthispurposearecommonparticularlyinITindustries
（Inkpen，Sundaram，andRockwood，20（泊）．Inthispqper，WedonotdiscusssuchM＆Asbecause，丘rstly，
M＆Asmaybemotivatedbyorganizationalaswellasteclm010giCalpurposesand，SeCOndly，M＆Asare
relativelyinfrequentinJapan（Odagiri，1992）．
3　TwoMainTheories
3．1TheTransactionCostTheory
Probal）1ythebest－knowntheoryontheboundaryofthe丘rmisthetransactioncost
theory，advocatedbyWilliamson（1975，1985）・Underuncertainty，COmPlexity，aSym一
metricdistributionofinfbrmation，andboundedrationality，markettransactionscan
becostlyparticularlybecausethepartlCIPantSmaybehaveinanopportunisticfhsh胃
ion．Genera11y，thesetransactioncostsmakein－houseactivitiesmoreadvantageousthan
markettransactions．However，integratlngtheactivitiesin－housecanbealsocostlybe－
CauSeOfreducedcompetitivepressurefromthemarket，influencecosts，andothercosts
fromintegration．The丘rm，therefore，needstodeterminethebestallocationbetween
in－houseR＆DandprocuredR＆Dwithdueconsiderationfbrthebalancebetweeninte－
grationcostsandtransactioncosts・
Thisbalancedependsonmanyfhctorsbutherewefbcusontwo・Thefirstisthe
extentthatrequiredtangibleandintangibleassetsaretransaction－SPeCifiC．Iftheyare
transaction－SPeCi丘C，fewsuppliersarewillingtoinvestinthemfbrfbarofthebuyer’s
hold－uP．Thus，inthecaseofR＆D，iftheR＆DproJeCtrequlreSinvestmentinspeci丘c
equlPmentOrOtherassets，itismorelikelycamiedoutin－housethanbeingprocured
fromoutside．
Thesecondistheextentofdefinabilityandenfbrceabilityofpropertyrights．In
thetransactionofintangibleassetssuchastechnology，ltisnoteasytospecifyinthe
COntraCttherangeoftechnologytobetransactedandeachpartywouldbetemptedto
interpretitinawaymorefhvorabletothem．InacommissionedR＆D，fbrinstance，
thecommissionedparty（a丘rm，university，reSearChinstitute，etc・）wouldtrytolimit
therangeoftechnologytobehandedovertothecommissioningparty．Theintellectual
PrOPertyrightssystem，SuChasthepatentsystem，helpsthepartiestoresoIvethisdifh－
CultybecausetherangeofrelevanttechnologylSSPeCifiedinapatent・Thistendency
ismostapplicableinthelicenslngOfpatentsbecause，byrefbrringtopatentnumbers，
COntraCtSCanbewellde丘ned．EvenincomissionedorJOintR＆D，OneCanmOreeaS－
ilywriteandenforcecontractsbystlPulatingthattheoutcomebepatentedandhanded
OVerfromthecommissionedpartytothecommissioningpartyortobesharedamong
thepartners．
Inreality，however，PatentSmaynOtallowtheinventortoq）PrOPrlatePrOfitsfully
fromtheinventionandtheextentofsuchappropriabilityisknowntovaryacrossindus－
tries（Coheneta1．，2000；GotoandNagata，1996；Levineta1．，1987）．Wewi11therefore
investlgatetheefrbctofappropriabilityinouremplnCalanalysIS．
3．2　TheCapabilityTheory
Thesecondtheorytoexplaintheboundaryofthe丘rmisthecapabilitytheory，Which
OriginatesfromPenrose（1959）whostressedtheimportanceofviewingthefirmasa
COllectionofphysicalandhumanresources，andwasdevelopedfurtherbyNelsonand
Winter（1982）andothers，andapplied，fbrinstance，tOdiscusstheJq）aneSeindustrial
developmentbyOdagiriandGoto（1996）．uletheoryhasbeenalsocalledthetheoryof
aresource－basedviewofthefirm（Wtrnerfblt，1984），Organizationalcapability（Chan－
dler，1990），dynamicc坤ability（Tbece，Pisano，andShuen，1997），OrCOreCOmPetenCe
（PrahaladandHamel，1990），Withslightlydiffbrentemphasesandpurposes．
Ittakestimeandcostsfbrthefirmtocreateandenhanceitstangibleandintangible
assetsandhenceitscq）abilities．ThefirmcanofcoursedevelopltSCaPabilitiesthrough
investmentandlearnlng．Yet，thespeedanddirectionofthisdevelopmentarecon－
Strainedandinfluencedbynotonlythe丘rm’ssocialandeconomicenvironmentbutalso
thevolumeandcompositionofitscurrentassetsandthehistoryofitsdevelopment．As
aresult，thedevelopmentisboundtobepath－dependent．
The丘rmCanfulfillacertaintaskcheaperandfasterifitprocuresitffomanoutside
PartyWhopossessesmoreofthenecessarycapabilitiesthanwhenitconductsitwithin
itself．Inotherwords，thedecisiononthefirm’sboundaryisdependentontherelative
levelofin－housecapabilitiesversusoutsidecq）abilities。
However，Oneneedstonotethedynamicsofcapabilities．IfacertainactivitylS
Perfbrmedwithinthefirm，itcanlearnfromtheexperienceandenhanceitscapabilities．
Hence，eVenifthecostofdoingsoishigherintheshortrun，theexpectedlong－run
COStreductionmaybelargeenoughtooffsettheshort－runCOSt．Onthecontrary，if
thefirmdependsonoutsideresources，itscapabilitieswil1graduallybecomeobsolete，
CauSlngthe丘rmtolosenotonlythecapabilitytoperfbrmtheactlVltyin－housebut
alsothecapabilityneededtoevaluatetheprocuredgoodsandservices，mOnitorthe
SuPPliers，andbargalnWithpotentialsuppliersandpartnerS．Inshort，itwillalsolose
its‘absorptivecapacity’．
Therefbre，itisindispensablefbrthefirmtOmaintainacertainlevelofcapability
throughin－houseR＆D3・Itshouldnotconsidertherelativemeritofin－houseR＆D
VerSuSPrOCuredR＆Dmerelyfromthecomparisonofcurrentcosts・Thecapability
theoryteachesusthatitneedstotakeadynamicandbroadviewindeteminlngthe
boundaryofthefirm．
4　DataandtheR＆DVhriables
Wenowproceedtoourempiricalanalysisonthe determinantsofcommissioned
R＆D，jointR＆D，andtechnologyacquisitions（i・e・，licensing－in）．Wbuseunpublished
firmrleveldatafromtheBasicSurveydBusinessStructureandActivities（hereafter
BSA）：SeeAppendixlforthedetailofthisdata．BSAisuniqueinthatitaskedthefirmS
toprovideinfbrmationonnotonlytheirin－houseR＆Dbutalsotheabove－mentioned
threemodesofprocuredR＆D・However，thequestionitemsvaryslightlyfromyearto
yearandallofthethreewereincludedonlyinthe1998BSAreport，Whichcoversthe
dataof1997accountingyear（Apri11997toMarch1998fbrmostfirmS）．Thus，the
datafbrallthevariablesinthefollowlngaretakenfromthis1998report，eXCePtthose
Variablesrepresentlngindustrialandtechnologicalcharacteristicstobediscussedlater．
Oursampleconsistsofl4，070manufhctunngfirmsinthesurvey．Amongthese，
6，281（44・6％）reportedtohaveexpendedfbrin－houseR＆Dand，includingcommis－
SionedandjointR＆DandlicensingLin，6，648（47．2％）reportedtohavemadesome
fbrmOfR＆Dactivities・Wewillusethisinfbrmationinthefollowlnganalyses・
TherearefburR＆DLrelatedvariables：
IRDi＝theamount（inmillionyen）ofR＆Dexpendituresfirmiusedin－
house，
CRDi＝theamount（inmillionyen）ofR＆Dexpendituresthat丘rmicom－
missionedtoanyoftheorganizationsoutsidethefirm．
JRDi＝thenumberofpartners（besidesthe丘rminquestion）injointR＆D
PrqeCtSthatfirmipartlCIPated4・
3Infhct，inthequestionnairestudy，WeCOnductedearlier（Odagiri，Koga，andNakamura，2002），many
JapanesebiofirmSmisedthefullutilizationofinternalresourcesandtheneedtonurturethemasthe
maJOrreaSOnSfornotmakingR＆Dalliancesevenwhenthereareopportunitiesforsuchalliances．
4BSArequlreSthat，inanyJOintR＆D，theparticIPantSShareR＆Dactivities，Sharetheoutcomes，aJld
exchangeacontract・ItisthusseparatefromcommissionedR＆Dorsubcontractlng．
TAi＝theamountofpayment丘rmimadefbrlicensing－inofpatents（Whether
thelicensingcontractwasmadeduringtheyearorearlier）5．
CRDiincludesR＆Dexpenditurescommissionedtothefirm’saLfiliates（Ofwhichthe
丘rmownsmorethan20percentoftheshare），itsmqjority－COntrOllingparent（whoowns
morethan50percentofthefirm’sshare），Otherfirms，universities，andgovernment
researchinstitutes，insideoroutsideofJqpan．BSAreportstheproportionofCRDitO
itsa鮪liatesandtheparent；hence，WeCanCalculatethefbllowlngtWO：
CRDIi＝R＆Dexpendituresthatfirmicommissionedtoitsatfiliatesorthe
Parent（tobecalled‘in－grOuPCOmmissionedR＆D’）．
CRDNi＝R＆Dexpendituresthat丘rmicommissionedtoanypartyoutside
ofthegroup（‘non－grOuPCOmmissionedR＆D，）6，
Where，Ofcourse，CRDi＝CRDIi＋CRDN．
In一grOuPCOmmissionedR＆D，Onemayhypothesize，isaformofquasi－internalR＆D
ratherthanprocuredR＆Dand，hence，thedeteminantscandi飴rfromthosefbrnon一
groupcommissionedR＆D．Wewilltestthishypothesis・
ThblelgivesthedescnptlVeStatiSticsforthevariables．Amongthe14，070sample
firms，1，315（9％）commissionedR＆D．OfthetotalcommissionedR＆D，79percent
WenttOnOn－grOuP．Only296（23％）ofthel，315firmscommissionedR＆Dtoin－
group．AmongthesefirmS，however，nearlytwothirdsofthecomissionedR＆Dwent
toin－grOuP（notreportedinthetable）・Thesefactsimplytwothings・First，mOre
thanthreequartersofthefirmsmakingcommissionedR＆DarecomissionlngOnly
tonon一grOuPandmorethanthreequartersofcommissionedR＆Dexpenditureswent
tonon－grOuP．However，thereareanumberoffirmSWhoareheavilycomissionlng
R＆Dtotheirafhliatesortheparents．Presumal）ly，manyOfthese丘rmShavehived－0ff
theirR＆Ddepartmentsasseparatesubsidiaries7，OrtheymayhaveaspecialistR＆D
COmPanywithinthegroup・
Theproportionof丘rmsconductingjointR＆Dortechnologyacquisitionissmaller
thanthatofcomissionedR＆Dat，reSPeCtively，6．8percentand5．9percent．However，
5TAialsoincludespaymentsforknowhowsthataccompanyPatentS・
6cRDNstillincludesR＆Dcommissionedto丘rmsforwhich丘rmiownSlessthan20percentofthe
Share．
7ThatmanyJapanesefirmshive－0ffsomeoftheirdivisionshasbeendiscussedinOdagiri（1992）．
asaproportiontothe6，648丘rmswithpositivein胃houseand／orprocuredR＆D，the
PerCentageS（notreportedinthetable）increaseto20（CRDi），14（JRDi），and13（TAi）．
5　TheDouble・HurdleModel
CRDi，JRD，，andTAiequaltozerofbrmorethanninetypercentofthesample．As
iswellknown，Whenthedependentvariableisconstrainedtobenon－negativeandtakes
thevalueofzeroinalargeportionofsample，theOLSestimatesarebiasedandthe
COmmOnreSearChstrategyistoapplyaleft－CenSOred（atO）rIbbitmodel（Tbbin，1958）．
Webasicallyfollowthisstrategy．Inaddition，Sinceweknowthatanumberoffirmsnot
OnlyhavenotmadetheprocuredR＆Dbut，aCtually，havenotmadeanyR＆DactlVlty
atallinsideoroutsideofthe丘rm，WeWishtoutilizethisinbrmation．
Putdiffbrently，WemayqPPrOaChtheissueoftheR＆DboundariesofthefirmaSa
SequenCeOfR＆Ddecisions．Firstly，Shouldthe丘rmexpendforanyR＆DactlVltyat
all？Iftheanswerisyes，then，SeCOndly，howmuchshoulditexpendin－houseandhow
muchbyprocurementand，ifprocurement，howmuchshoulditexpendforeachmode
OfprocuredR＆D？
Letus，forthemoment，COnSideronlycommissionedR＆Dasameansofprocured
R＆D．Then，OneCaneStimateatwo－StagemOdel．ThefirststagedeteminesifIRDi＋
CRDi＞0．Ifitis，thenthesecondstagedeteminesifCRDi＞0and，ifitis，howmuch
expendituresshouldbemadeforit．Thesetwostageshavetobeestimatedjointly．For
thispurpose，WeqPPlyadouble－hurdlemodel，WhichwasoriginallysuggestedbyCragg
（1971）asageneralizedfbrmoftheTbbitmodel．InCragg’soriginalmodel，tWOhurdles
refbrtothefbllowlng：“First，aPOSitiveamounthastobedesired．Second，fhvorable
Circumstanceshavetoariseforthepositivedesiretobecarriedout”（Cragg，1971，P．
831）．Inourcase，thefirsthurdleistohavepositiveIRD．＋CRDiOr，equivalently，tO
haveICRDDi＝1whereICRDDiisadummyvariablethatequalsoneifandonlyif
IRDi＋CRD，＞0，andthesecondhurdleistohaveapositiveCRDi．Figurelshows
thenowchartforthismodel．
Thesetwoequations，thatis，thefirst－hurdleequation（thatdeterminesICRDDi）and
thesecond－hurdleequation（thatdeteminesCRDi），arejointlyestimatedbymeansof
themaximumlikelihoodmethod（SeeAppendix2fbrthederivationofthelikelihood
function）．Inthismaximumlikelihoodestimation，themaximandincludestheterms
relatedtothesecond－hurdleequationonlyfbrsampleswithICRDD．＝1．AIso，the
COVariancebetweentheresidualsofthetwoequationsaretakenintoaccount．
WhenothermodesofprocuredR＆D，namely，JOintR＆DandtechnologyacqulSト
tions，needtobeconsidered，itisidealtohavethechoiceamongthethreemodessimul－
taneouslyincorporatedintothesecondhurdle．Unfbrtunately，WeCannOtdosoforwant
Ofa’total’R＆Dvariable，inadditiontothecomplexltyOfmaximumlikelihoodcom－
Putation．Asmentionedabove，IRDi，CRDi，andTA．areinmonetaryunitsbutJRDiis
thenumberofpartlCIPantS．Hence，thesumofthesenumbersismeanlngless．Besides，
TAiistheamountthefirmPaidfbracquiredtechnologiesduringtheyear．Sincethis
Paymentisusuallycomposedof丘xedinitialpaymentandrunnlngrOyalty，Withthelat－
terbeingcommonlydeterminedasafixedpercentageofsales，theamountcanfluctuate
Violentlyfromyeartoyear．AIso，thefirmmaykeeppaylngfbrmanyyearsafterthe
actualtechnologyacqulSltlOntOOkplace．Consequently，addingTAitOIRDiandCRDi
neednotprovideagoodmeasureofthecurrentR＆Dactivlty・
Forthesereasons，WeeStimatethedouble－hurdlemodelseparatelyforeachmodeof
PrOCuredR＆D．FortheJRDiandTAiequations，however，aneWVariableRDDiisused
inplaceofICRDDiinthe丘rst－hurdle，WhereRDDiequalsoneifanyofIRDi，CRDi，
JRDi，andTAiispositiveandzerootherwise（i・e．，Whennoneofthesefourisnon－ZerO），
inordertoincludeseveralfirmSWhohavenotexpendedforin－houseorcommissioned
R＆DandyetpartlCIPatedinJOintR＆DormadepaymentsfbrtechnologyacqulSltlOnS．
6IndependentVariablesandHypotheses
Therearetwotypesofindependentvariables，thoseforfirmcharacteristicsandthose
fbrindustrialcharacteristics．Wenowdiscussthemtogetherwithourhypothesison
thesignsofthecoe伍cients．Thedefinitionsofindependentvariablesandtheirbasic
Statisticsareshowninlhble2．
6．1　FirmCharacteriStics
R＆Dintensity
Thisvariableappearsasanexplanatoryvariableonlyinthesecondhurdle・Cohen
andLevinthal（1989）arguedthat，WithR＆D，thefirmcanenhanceitsabsorptivecapac－
ltythatisneededtoexploitexternalknowledgee伍ciently．AIso，amOreR＆D－intensive
firmWillbemorealerttooutsideR＆Dopportunitiesandwillhavemoreknowledgeon
POtentialalliancepartnersandthetechnologleStOlicense．Itisthushypothesizedthat
R＆DintensityhasapositiveimpactonprocuredR＆D，WhereR＆Dintensity（RDINT．）
isde丘nedbytheratioofin－houseR＆Dexpendituretosales．Earlierempiricalresultsof
AroraandGambardella（1990，1994）andVeugelers（1997），andmorerecently，Bayona
etal．（2001）supportthishypothesis8．
Someauthors，Onthecontrary，SuggeStedthatin胃houseR＆DandprocuredR＆D
aresubstitutesbecausethefirmcanfu1fillacertainR＆Dtaskeitherbymakingitby
itselforbycommissioningitfromoutside．Pisano（1990），fbrinstance，fbundthat
biotechnologyfirmsthathaveaccumulatedtechnicalknowledgein－housearelesslikely
torelyonexternalknowledge．Ifthiswerethecase，then，the丘rmwithactivein－house
R＆DwouldrathernotprocureR＆Dfromoutsideand，COnSequently，WeShouldexpect
anegativecoe踊cientforRDIN7l．Aswillbeshownlater，however，OureStimated
COefhcientispositive．Hence，inthesensethatprocuredR＆Dincreaseswithin－house
R＆D，thetwoappearcomplementarythansubstitutlng，althoughwehavenotrlgOrOuSly
testedthecausalityasinColomboandGarrone（1996）．
Size
Therelationshipbetween丘rmSizeandR＆Dinvestmenthasbeenstudiedbymany，
OfteninconjunctionwithSchumpeter（1942）・Althoughtheirresultsdisagreeasto
WhetheralargerfirmexpendsfbrR＆Dmorethanproportionally，theyagreethatHthe
8AgoodquestioniswhetheronlyinThouseR＆DcontributestoabsorptlVeCaPaCltyOrPrOCuredR＆D
alsocontributes．IfitistheprocessofR＆Dbeingmadewithinthefimthatcontributestothefbrmation
Ofabsorptivecapacity，then，in－houseR＆Dintensity（RDINTi）ismorelikelytomatter．If，Ontheother
hand，inventedtechnologleS，Whetherinventedin－houseornot，arethesourcesofabsorptlVeCaPaClty，
then，tOtalR＆Dintensity（TRDINT，）ismorelikelytomatter・Actual1y，thischoicehardlymatters
because，OnaVerage，in－houseR＆Dexpenditureaccountsfbr94percentoftotalR＆Dexpenditureand
thecorrelationcoeLhcientbetweenRDINTlandTRDINTzreachesO・98・Weconfirmedthisfactbyuslng
RDINTiandTRDINT7asalternativeexplanatoryvariablesandobtainlngbasicallythesameestimation
results・ItmaybealsoarguedthatR＆Dstock，thatis，anaCCumulatedvalueofR＆Dexpenditureswith
Obsolescencetakenintoaccount，isamoreaccuratemeasureofthefirm，stechnologicalcapabilitiesthan
R＆Dexpenditureofaslngleyear．ThemqjOrreaSOnthatwedidnotuseR＆Dstockisthelackof
COntinuoustime－SeriesR＆DdataformanyOfthesamPle丘rmS・Ratherthanreducingthesamplesizeby
restrictlngthesaLmPletothoseforwhichthetime－SeriesR＆Ddataisavailable，WedecidedtouseR＆D
flowdataaLndmaintainthesamplesizeaslargeaspossible・
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1ikelihoodofafirmrePOrtingpositiveR＆Deffbrtriseswithfirmsize”（CohenandKlep－
Per，1996）．Therefbre，Wehypothesizethattheeffbctofsizeonthedummyvariable，
ICRDD，OrRDDi，inthefirsthurdleispositive．
Inthesecondhurdle，itisdi伝culttopredictthee鮪ctoffirmSizeonthefrequencyof
PrOCuredR＆D．Ontheonehand，aSGranstrandetal・（1997）andPatelandPavitt（1997）
emphasized，largefirmSmaybetechnologicallydiversifiedandwell－endowed，thereby
havingabetterknowledgeandbetteraccesstopotentialexternalpartners・Ontheother，
theymaybeabletoachievescaleandscopeeconomieswiththeirin－houseR＆D，thus
fbelingalesserneedfbrprocuringR＆Dresources・Forinstance，Vのgelers（1997）
andVのgelersandCassiman（1999）fbundanegativerelationshipbetween5rmsize
andR＆Dcooperationtoarguethat，becausesmallfirmscanneitherundertakealarge－
SCaleresearchnorundertakeanumberofresearchprqJeCtSSimultaneously，eCOnOmies
Ofscaleandscopecannotbeachieved，makingR＆Dalliancesmoreattractivetothese
丘ms．
Acursorylookatourdatasuggeststhatthefirsthypothesisismorelikelytohold；
fbrinstance，theproportionoffirmSmakingcommissionedR＆Dis20percentamOng
thefirmSWith3（氾employeesormorebutonly6percentamongsmaller丘rmS．Wt
thuspredictapositiverelationshipbetweenLSALEi，thenaturallogarithmofsales（in－
Cludingoverseasales），andprocuredR＆D・Thispositiverelationshipmayalsocome
fromthefactthatCRDi，JRDi，andTAiareallmeasuredasnumbers，SuChasexpendi－
turesandthenuniberofpartners，andnotratios・Hence，aPOSitiveassociationbetween
LSALEiandthesevaridblesneednotmeanthatalarger丘rmeXPendonprocuredR＆D
morethanproportionately9・
VertiCalIntegration
Theextentofverticalintegration（VIi）ismeasuredbytheratioofvalue－addedto
Sales，OnthepresumptlOnthatalessintegratedfirmWillexpendalargerproportion
Ofsalesintheprocurementofparts andcomponents，thushaving asmallervalue－
9wefound，however，thattheestimatedcoefhcientsremainpositiveandsignifiCant（exceptthatfbr
JRDi）evenwhenCRDi，JRDi，andTA，aremeaSuredasintensities（i．e．，aSratiostosales）：SeeNakamura
andOdagiri（2003）．Therefore，COmmissionedR＆Dandtechnologyacquisitionsinfacttendtoincrease
morethanPrOPOrtionatelywithsize．
added／salesratio．
Amorevertica11yintegratedfirm，Onemayhypothesize，Shouldftelastrongerneed
forR＆Dbecauseithastomaintaintechnologicalcompetenceinallstagesofthevertical
Chain．ThentheeffbctofVIiOntheprobabilityofconductlngR＆Dwouldbepositive
inthefirsthurdle．Theeffbctofdouble－COuntlnghastobealsotakenintoaccount．
BecausecostsofR＆Dpersonnelandcapitalareincludedinthe丘rm’svalueadded，an
R＆D－Performingfirmislikelytohaveahighervalue－added／salesrati0．Again，We
WOuldexpectapositiveeffbctofVIiinthefirsthurdle．
Suchdouble－COuntlnglSunlikelytooccurinthesecondhurdlebecausecommissioned
R＆DwillbecarriedoutwithinthecommissionedpartyutilizingltSemPloyeesandcap－
ital．ItmayoccurinthecaseofjointR＆Daslongasthefirm’sresearcherspartlCIPate
inthejointR＆Dbut，SincetheexpenditureonJOintR＆DistlnylnCOmParisontoin－
houseR＆D，theeffbctofdouble，COuntingmustbetoosmalltochangethesignofthe
COefhcientofVIiinthesecondhurdle．
OthereffbctsofVIiOnPrOCuredR＆Dcanbemixed．Ontheonehand，VIimaybe
interpretedasaproxyvariableindicatingthatthefirm’senvironmentismorefhvorable
tointegrationthanmarkettransactions．廿ansactioncostsmaybehigherbecauseof
higherassetspeci丘city，alargersunkcost，Oralargerprobabilityofhold－uPS・Ideally，
adirectmeasureofthesecostsismoredesirablethanVIi．Forinstance，UIset（1996）
foundthatpotentialsunkcostsinR＆Darepositivelyrelatedtoverticalintegration（i．e．，
in－SOurCing）ofR＆DbyusingR＆Dprqject－1eveldatafortheITindustry．Suchdata
isunavailableinJapanand，aSSumlngthatVIiispositivelycorrelatedwiththeextent
OftranSaCtioncosts，Wemayhypothesizethat丘rmswithhigherVIiaremOrelikelyto
undertakeR＆Dinternally．
Ontheotherhand，fromtheviewpolntOfabsorptlVeCaPaClty，aVerticallyintegrated
firmmayhaveahighercqpabilitytoperformallianCeSandtoabsorbtheiroutcomes，
OWlngtOitsexperienceofhavinghadbusinessrelationswith丘rmSOfverticallydiverse
activitiesandculture，itsunderstandingoftechnologleSatVerticallydi鮎rentstages，and
itswiderknowledgeofpotentialpartners．Then，firmswithhigherVliWOuldbemore
likelytoengageinprocuredR＆D．
Inconsequence，thetransactioncosttheoryandthecapabilitytheorywouldpredict
thesignofthecoe伍cientofVIiOnCRDi，JRD10rTAidiffbrently．
Diversification
Theextentofdiversi丘cation，DIⅥ，ismeasuredbyoneminusthe squarerootof
Herfindahlindex（thesumofthesquaresoftheproportionsofthefirm’ssalesofthree－
digitproducts）・Inthe丘rsthurdle，itseffbctontheprobabilityofR＆Disexpectedto
bepositive・Nelsonhasearlierarguedinhisnowclassicpaper（Nelson，1959）thatthe
OutCOmeOfR＆DisinherentlyuncertainandthisuncertaintymakesdiversifiedfirmS
moreadvantageousinthecommercializationofinventedtechnologleS．Hence，amOre
diversifiedfirmWilllikelyundertakeR＆Dwithahigherprobability，althoughempirical
resultsontherelationshipbetweendiversificationandthelevelofR＆Dinvestmentare
notunanimous：McEachernandRomeo（1978）andJovanovic（1993）fbundapositive
COrrelationbutaseriesofstudiesbyHoskissonandothers（e．g．，Hoskissoneta1．，1993）
foundanegativerelation．
Inthesecondhurdle，thecapabilitytheorycansuggesteitherapositiveornegative
efftctofDI叫．Ontheonehand，amOrediversified丘rmmayhavealesserneedto
dependonoutsidepartnersinpursulngR＆Dinnon－COrefields，SuggeStlnganegative
effbctofDIⅥonprocuredR＆D・Ontheotherhand，amOrediversifiedfirmmayhave
abroaderabsorptlVeC叩aClty，WhichhelpsthefirmtOPrOCureR＆De踊ciently，SuggeSt－
1ngaPOSitiveeffectofDIⅥ・Forinstance，byapplyingNelson’sargumenttoprocured
R＆D，WemaySaythatamorediversifiedfirmShouldbeabletoutilizetheuncertain
OutCOmefromJOintR＆Dmoreefftctively．Assumlngthatthelattereffbctisdominant，
WehypothesizethatDIViWillhaveapositivecoe伍cientinthesecondhurdle．This
assumption，WetruSt，isplausiblebecauseourmeasuresofprocuredR＆Daretheex－
Pendituresornumbersandnotintenslty，andbecause，eVenthoughthe丘rstargument
SuggeStSthatamorediversifiedfirmwillprocureproportionallyfbwerofitsR＆Dfrom
OutSide，itneednotimplythatsuchafirmWillprocureasmalleramountofR＆Dfrom
OutSide．
CashFlow
R＆DinvestmentisusuallyriskierthanotherfbrmSOfinvestment．Asaresult，under
infbrmationasymmetriesbetween丘rmsandinvestors（Orlenders），thefirmCanmOre
easilyinvestinR＆Dwhenithasanabundantcashflow・Thus，HimmelbergandPe－
tersen（1994）fbundinsmallhigh－teCh丘rmSthatR＆Dexpenditureissensitivetocash
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flow・AIso，Gotoetal・（2002）fbundthattheratioofcashflowtoassetshasapositive
efkctontheR＆D－aSSetratioinbothlargeandsmallJapanesemanufacturlngfirms・We
thusexpectthata丘rmwithmoreabundantcashflowismorelikelytoperfbrmR＆D；
thatis，theratioofcashnowtosales，CFSi，WillhaveapositivecoeLficientinthefirst
hurdle．
ThesameargumentisapplicabletocommissionedandjointR＆Dprovidedthat，be－
CauSeOfthelowpredictabilityanddefinabilityasdiscussedinSection2，SuChinvest－
mentisriskierthaninvestmentintangibleassetsandisalsolesssuitablefbrcollateral．
Thisargumentmaybelessapplicabletotechnologyacquisitions（TAi）because，uSually，
technologleStObelicensedhavebeenalreadyinventedandhencetheirpredictabilityand
de丘nabilityneednotbelow・WethuspredictCFSitOhaveapositiveimpactonCRDi
andJRDibutnotnecessari1yonTAi．
OnemayalternativelyarguethatjointR＆Disprefbrredtoin－houseR＆Dwhenthe
firmwishestosharethecostandriskoftheR＆Dprqectwiththepartners．According
tothishypothesisofcost－andrisk－SharingmotivationsfbrjointR＆D，thefirmmayOPt
forjointR＆Dwhenitisshortofcashflow，implyinganegativecoefhcientofCFSiOn
JRDiand，Perhq）StOalesserextent，CRDi・KleinknechtandReijnen’S（1992）finding
SuPPOrtedthisargumentamongJOlntreSearChbetweendomesticfirms．
ParentControI
PCiisadummyvariableindicatlngthepresenceofaparentcompany．Itequalsone
ifandonlyifthefirmisownedam句OntySharebyitsparentcompany．Wakasugl
（1999）fbundahigherR＆Dintensityamongfirmsowningsubsidiariesandarguedthat
thereisadivisionoflaborbetweenparentcompaniesandsubsidiaries，Withtheformer
COnductingmostofR＆D．Accordingtothisargument，ifthe丘rmisasubsidiary（and
unlessitisasubsidiaryestablishedforthepurposeofR＆DlikeHonda’sHondaR＆D
Co．，Ltd・），itispresumablylesslikelytoundertakeR＆Dactivityatall（inthefirst
hurdle）andlesslikelytoundertakeprocuredR＆D（inthesecondhurdle）becausethe
decisionsonalliancesandlicenslngwillbealsoconcentratedintheparentcompany．
OnemaytherefbrehypothesizethatPCiShouldhaveanegativecoe伍cientinboththe
丘rstandsecondhurdles．
However，regardingCRDli（in－grOuPCOmmissionofR＆D），thediscussionismore
COmPlexbecausesubsidiariesmaycommissionR＆Dtotheparentsorotherin－grOuP
firmS．Infhct，Wefoundthat46percentofthefirmscommissionlngR＆Din－grOuP
areparent－COntrOlled（i・e・，PCi＝1）andthepercentageissignificantlyhigherthanthat
OffirmsnotcommissionlngR＆Din一grOuP・Hence，theafbrementionedhypothesisof
anegativeeffbctofPC．isunlikelytoq）PlytoCRDIiandwewouldinsteadexpecta
POSitiveeffbct．
6．2IndustrialandTbchnologicalCharaCteristics
R＆DstrategleSdependnotonlyonfirmcharacteristicsbutalsoonindustrialand
technologicalcharacteristics・Inthispaper，WeemPloythreevariablesrepresenting
thesecharacteristics－aPPrOPriability，infbrmationflow，andinnovationspeed．They
arederivedfromGotoandNagata（1996），Whosentquestionnairestol，219Jqpanese
R＆D－PerformlngmanufhcturlngfirmSWithcapitalizationoveronebillionyen，With643
responses，andreportedindustrialaveragesintheirpaperlO・Thesevariables，therefbre，
areconstruCtedfromtheresponsesofbigfirmSandthereremainsapossibilitythatthey
donotaccuratelydescribetheenvironmentofsmallerfirmSthatoccupythem叫OntyOf
OurSamPle．
Sinceourempiricalstudyismadeatthe丘rmlevel，WemayuSeeitherthedataof
eachfirm’sresponsesorindustrialaverages．Onemayarguethatfirm胃leveldataare
moreappropriatebecauseevenif丘rmsbelongtothesameindustry，theenvironment
CanbeheterogeneousamongfirmS．Onemay，Ontheotherhand，arguethatfirm－1evel
dataaresusceptibletothefirms’subjectiveevaluationandpre蝕‘industry－1eveldata，
Whichislessdependentoneachfirm’sindividualoplnlOn．Partlyforthisreasonand
PartlyfbrapracticalreasonthatthesamplesizeofGotoandNagata’ssurveylSmuCh
SmallerthanthatofBSAandhence丘rmSpeCificdataarenotavailabletoalltheBSA
SamPle丘rms，WeuSeindustrialdata．However，tOtakeintoaccounttheeffbctsof
inter一缶rmdiLfbrences，Wegeneratedfirm－SPeCificvariablesbycomputingtheweighted
averagesofindustrialdata（basicallyatthethree－digitJq）aneSeSIClevel）withthe
SalescompositionofeachfirmaStheweights．Thus，eVenthoughthesevariablesare
10ThissurveyWaSCOnductedin1994inconJunCtionwiththeCarnegieMellonsurvey，Whichisan
expansionandupdateoftheYaleSurvey（Levineta1．，1987）：SeeCohen，Goto，Nagata，Nelson，and
Walsh（2002）andCohen，Nelson，andWalsh（2∝吼2（泊2）．Someofthedataarenotreportedinthe
reportandwethankA．Nagataforprovidingunpublisheddataforus．
forindustrialcharacteristics，theyarefirmrlevelvariablesand，Webelieve，reflectthe
technologicalandmarketenvironmentofeachfirmaccurately．
Thesevariablesarecalculatedasweightedaveragesinonemoresense．Asregards
叩PrOPriabilityandinnovationspeed（tobeexplainedpresently），GotoandNagataasked
thecompaniestoprovideresponsesfbreachofproductinnovationandprocessinnova－
tion．Hence，WeWeightedtheseresponseswiththeratioofR＆Dspendingonproduct
innovationversusthatonprocessinnovationsl1・
Threesuch丘rm－SPeCificvariablesofindustrialandtechnologicalcharacteristicswill
benowexplained．
Appropriability
GotoandNagataaskedtherespondentsthepercentageoftheirproJeCtSinthepast
threeyearsfbrwhicheachofthefo1lowlngeightmeansofprotectlngCOmPetitivead－
VantageSfrominnovationswaseffbctive－SeCreCy，PatentS，0therlegalprotections，1ead
time，COmPlementarysalesandservice，COmPlementarymanufacturingfacilitiesand
knowhow，COmPlexltyOfproductionandproductdesign，andothers・Theythenre－
POrtedtheindu・Strialaveragesofthesepercentagesfbreachmeans・
Amongthese，WeCOnCentrateOntheroleofpatentsbecause，aSdiscussedinSection
3，theeffbctivenessofpatentprotectionisoneofthemqjordeteminantsoftransaction
COStSandalsobecausesomeoftheothermeanslistedabovearenotpurelyexogenous
tothe丘rms12．wedefineAPPROiaStheextentofapproprial）ilitybypatents．As
ShowninThble2，themeanvalueofAPPROiequals0．322，implyingthat，OnaVerage，
thefirmsreportedthatpatentswereeffbctiveinaboutathirdofthepr（リeCtS・Asinthe
US（Levineta1．，1987；Coheneta1．，20α）），itishighestamongpharmaCeutical丘rmS：
110ntheaverageofallmanufhctunngindustries，80・9percentoftheR＆Dcostwasforproductinno－
Vationsand14．7percentfbrprocessinnovations，withtherestbeingfbrmiscellaneouscategorythatwas
lgnOredinouranalysIS・
120nemayalternativelyusethemaximumamongthesevenmeans（excluding‘others’）asanq）PrOPri－
abilityvariable．SuchavariablemaybeappropnateasadeteminantofR＆Dintensitybecause，Whatever
themeansofappropriation，ahigherappropriabilityisexpectedtostimulateR＆Dinvestment（Gotoet
al．，2002）．However，inprocuredR＆D，itisimportantthatsuchappropriabilityislegallysecuredand
PatentSarethemosteffbctivemeanSforthispurpose・Besides，inourprelimlnaryregreSSions，Wefbund
thatthemaximum－basedappropriabilityvariablehasapoorerexplanatorypowerthanthepatent－based
appropriabilityvariable，PreSumablybecausesomeindustriesrepliedwithunrealisticallyhighnumbers
（e．g．，1（氾percent）forsomeofthenonrpatentmeans・
SeeAppendixThble3inwhichpharmaceuticalsareincludedinchemicals・
Asdiscussedearlier，aCCOrdingtothetransactioncosttheory，StrOngerPrOPertyrights
WOuldenablethefirmStOengageininter，丘rmrelationswithlowertransactioncosts；
hence，APPROiisexpectedtohaveapositiveimpactonprocuredR＆Dinthesecond
hurdle・Bypreventlngfree－riding，theywouldalsoincreasethepnvatereturnstoR＆D
investment；hence，theincentivefbrR＆DmustbeenhancedandAPPRO，muSthavea
POSitivecoefhcientinthefirsthurdleaswell・
OurpredictionofapositiveeffbctofAPPROiinthesecondhurdleagreeswiththe
theoreticalpredictionofAroraandFosfuri（2003）onlicensing・Empically，Gansetal・
（2000）con丘rmedthispredictionbyshowingthatastrongerintellectualpropertyprotec－
tionincreasestheprobal）ilityofcooperationbetweenstart－uPSandincumbents・Hernan
etal．（2003），Ontheotherhand，arguedthatfirmSinsectorswithstrongerpatentrights
donotneedtorelyonresearchjointventurestointernalizespilloversandemplnCally
COnfirmedthisprediction．Similarly，CassimanandⅥ確elers（2002）foundanegative，
thoughinsignificant，effectoflegalprotection（includingprotectionbypatents）onthe
PrObabilityofR＆Dcooperation・Ifthisargumentiscorrect，thenweshouldexpecta
negativecoefficientofAPPROiOnJRDi・However，ifjointR＆Disformedtotakead－
VantageSOfthetechnologicalcapabilitiesofthepartnersasthecapabilitytheorylmPlies
andnottointernalizespilloversamongthepartners，thenthetransaction－COStreducing
effbctofAPPROimuStbemoreprominent．Withthisview，WePredictapositivecoefi
ficient．
Inhrmation戯ow
GotoandNagataaskedifeachoftwelveprobableinfbrmationsourceswasconducive
tothe‘proposalofanewprqect’orthe’completionofanexistlngPrqJeCt’inthe
PaStthreeyearS・Theyreportedthepercentageoffirmswhorepliedafhrmativelyfbr
eachsource，eaChindustry，andeachofnewprqiectproposalversusprqJeCtCOmPletion，
Amongthe12sources，‘universities’，‘publiclaboratories’，and‘academicassociations，
etc．’willbehereaftercalled‘scientificsources’，While’supplierswithshareowner－
Shiprelationship，，‘supplierswithoutshareownershiprelationship’，‘customers’，and
’competitors，willbecalled’tranSaCtion－basedsources，13・
13Theremainlngfiveare’jointventures’，‘consultants’，’0therexternalsources’，‘0therR＆Ddepart一
mentswithinthefirm’，and‘mar）ufhcturingdepartmentwithinthe丘m’・ThesewerelgnOredbecause
Weaveragedamongthethreescienti丘csourcesandbetweennewprQJeCtPrOPOSaland
PrOJeCtCOmPletiontogetanindustrialvalueofinfbrmationnowfromscientificsources，
andthencomputedthefirm－1evelvalueasanweightedaverageofindustrialvaluesinthe
mannerdiscussedearlier．Wecallthisvariable‘scientificinfbrmationflow’anddenote
itbyFLOWSi・Wesimilarlycalculated‘transaction－basedinfbrmationflow，fromthe
averageamongthefourtransaction－basedsourcesanddenoteitbyFLOWTEl4・
AsshowninThble2，FLOWTtisonaveragelargerthanFLOWSi，SuggeStlngthatin－
fbrmationismorefrequentfromtransaction－basedsourcesthanfromscientificsources
althoughinafewindustries，ParticularlypharmaCeuticals，infbrmationflowfromscien－
ti負csourcesoverwhelms．
With alargerinformationnow，theremustbealargertechnologicalopportunlty，
Whichtendstostimulatein－houseR＆DasconfirmedbyCohenandLevinthal，（1990）
andGotoetal．（2002）．Thispositiveeffbctwilltakeplacenotonlybecausethelarger
infbrmationnowprovidesmoreopportunitiesfbrfirmStOinnovatebutalsobecause
firmsneedtoenhancetheirabsorptlVeCapaCltySOaStOtakeadvantagesofinformation
flow（CohenandLevinthal，1989）．WethereforeexpectFLOWSiandFLOWTttohave
POSitivecoe伍cientsinthefirsthurdle．
ItsimpactonprocuredR＆Dcanbemorecomplex．Ontheonehand，alargerinfbr一
mationflowimpliesthatmore‘seeds’areavailableoutsideofthefirm，PrOmPtlngthe
丘rmtoinvestinprocuredR＆Dtointernalizetheseseeds・Forinstance，itmaybeeasier
to丘ndpartnerswithhightechnologicalcompetenceandthefirmmaybetemptedtotake
advantagesofitthroughcommissionedorjointR＆D（Cassimananduugelers，2002）・
Ontheotherhand，SuChinformationflowmayoccurthroughknowledgespillovers，fbr
instance，throughpublishedpapersandhumancontacts，WithoutthefirmPaylngfbrit・
ThenthefirmwouldhavealesserneedfbrcommissionedorJOintR＆Dandlicenslng．
SincethesetwotypesofinfbrmationflowcoexistintheGoto－Nagatasurvey，WeCannOt
JOlntVentureismorelikelyaresultthanaCauSeOfprocuredR＆D，theimpactofconsultantsandother
extemalsourcesisdifhculttopredict，andintra一石rmSOurCeSareunlikelytoaffbctprocurementofR＆D
丘omoutside．
140nemayaltemativelyde蝕ethetwoinformationnowvariablesbasedonthemaximumamong
therelevantsetofsourcesontheassumptlOnthat，ifanyOneOfthesourcesisveryusefu1，the負rm
WillattempttotakeadvantageOfthissourcethroughR＆D．However，Similarlytothediscussionin
footnote12above，Wefoundthatthesemaximum－basedvariablesaresusceptibletoafbwextremevalues
（particularlyinindustrieswithsmallnumbersofrespondents）；hence，WeOnlyreporttheresultswith
mean－basedvariables．
aprIOrideterminewhichofthesetwoe飴ctsdominate・Consequently，thecoe伍cients
OfFLOWSiandFLOWTimaybepositiveornegativeinthesecondhurdle．
Speedofinnovation
GotoandNagataaskedthefirmstoevaluateona5－POintLikertscalehowfastproduct
innovationorprocessinnovationtookplaceinthepasttenyearsintheindustry．Based
Ontheindustrialaverageofthismeasureof‘innovationspeed’，WeCalculatedSPEEDi
agalnaSaWeightedaverage。
Whentechnologicalchangeisrapid，COmPetitionintermsofnewproductsandhrnew
PrOCeSSiskeenandthefirmisunderastrongpressuretoinnovate．Therefore，firms
COmPetlnglnSuChmarketsaremorelikelytoundertakeR＆D，SuggeStingapositive
COefhcientinthe丘rsthurdle．Ⅵ：t，eVeninhigh－teChindustries，therearealso丘rmSWho
arenotcompetlngOnthebasisoftechnologicalstrengthbutonthebasisoflowcost
and／ornon－R＆D－basedknowhow．These丘rmsareoftensubcontractorsorlow－COSt
SuPPlierstolarge－SCaleassemblersandmayhaveoptedfbrnon－R＆D－basedcompetition
infearofescalatingR＆Dcosts．Thatis，theremaybeadividebetweenR＆D－intensive
firmsandnon－R＆D－basedfirmS，andanacceleratedspeedofinnovationmayactually
tiltthisdividetowardsnon－R＆D－PerfbrmlngfirmS．Ifthisisthecase，Wemayhavea
negativecoefhcientforSPEEDiinthe丘rsthurdle．
Thee飴ctonprocuredR＆Dcanbealsocomplex．Again，firmsinanindustrywith
fastinnovationcanbeunderastrongerpressuretocomeupwithnewproductsand／or
newprocessesand，tOfulfi1thispurpose，theymaybemorewillingtoutilizeexternal
resources。Thatis，theymaybeinclinedtocommissionR＆DortakepartinjointR＆D
tospeedinnovationup，OrtOaCqulreneWteChnologyatoncethroughlicenslng．Tbch－
nologicalinter－丘rmpartnerShipshavebeeninfhct丘）undinsuchhigh－teChindustries
ascomputers，Semi胃COnductors，andbiotechnology（Freeman，1991；Hagedoorn，2002；
Powelleta1．，1996）．
However，theremaynotbeasu伍cientnu．mberoffirmsinsuchindustriesthatare
goodenoughtoperfbrmrequiredcommissionedR＆Dworks・AlthoughBSRdoes
notglVeaPreCisedefinitionof‘commissionedR＆D’，itstates，inanotherpartofthe
questionnaire，that‘commissionedproductionofproducts’istohaveotherfirmSman－
ufhctureorprocess丘nishedproducts，Semi－finishedproducts，COmPOnentS，aCCeSSOries，
Ormaterialsbyinstructlngthemthespecificationsandstandards．Byanalogy，reSPOn－
dentsmayhavetaken’commissionedR＆D’asincludingnotonlythecommissionlngOf
SCientificdiscoveryordevelopmentactivitiesasdescribedinSection2butalsosubcon胃
tractlngOfroutineR＆D－relatedworks，Say，datalnPut，rOutineexperimentsandcompu－
tation，andthemaintenanceoflaboratory・Suchsubcontractlngmaybemoreprevalent
inanindustrywithslowertechnologicalchangeasmanyoftheworksarestandardized
andmanylow－COStSuPPliersmayprovidesuchservices・Bycontrast，inhigh－teChin－
dustries，COmmissionlngOfrealandadvancedR＆D，aSOPPOSedtosubcontracting，may
beneededandyetonlyasmallnumberof丘rmSmayhaveaccumulatedsufhcientca－
PabilitiestoperfbrmSuChR＆D・Inconsequence，thefirmmayhavenochoicebutto
Perfbrmitthemselves・
Inviewofthesepossibilities，itisextremelydifhculttopredicttheeffbctofSPEEDi
OnPrOCuredR＆Dinthesecondhurdleofthemode1．
1もble3summarizesourhypothesesonthesignsofthecoe伍cientsinourdouble－
hurdlemodel．ItalsoincludesPRINn asanindependentvariable，Whichwewill
discusslater．
7　EmpiricalResults
7．1　TheFirstHurdle
Wtnowpresenttheresultsofourempiricalanalyses・Thble4presentstheestimated
double－hurdlemodelwhenICRDDandCRD（SuPPreSSinghereafterthesubscripti）are
takenasthedependentvariablesofthe丘rsthurdleandthesecondhurdle，reSPeCtively．
Letusbeginwiththefirstpairoftheestimatedmodel，Whichisinthelefthalfofthe
table．
Inthefirsthurdle，allthevariablesexceptFLOWTandSPEEDhaveslgnificantco－
e伍cients（exceptCFS）withexpectedsigns・SPEEDhasasignificantandnegative
COefhcient・Thisresultsuggeststhatanincreasedspeedofinnovationintheindustry
tendstodiscouragemarginalR＆DperfbrmersfrommakingR＆Dinvestmentrather
thanincreaseR＆Dincentivesfbrthem．Infhct，amOngthetwo－digitSICindustries，
electricalmachineryhasthehighestSPEED（SeeAppendixThble3）butonlyabouta
halfofthe丘rmsshowpositivein－houseR＆D（SeeAppendixThblel）whereas，inthe
Chemicalindustry，about80percentofthefirmSShowpositivein－houseR＆Dbutits
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SPEEDislowerthantheentireaverage．However，ifwelookonlyatthefirmswithany
R＆Dactivity（i．e．，RDD＝1），thentheinrhouseR＆Dintensity（RDIN77oftheelectri－
Calmachineryindustryis2．4percent，Whichisfburthhighestamongtheindustriesand
O．7percentpointhigherthantheentiremean（seeAppendixTbble2）・Thatis，inthisin－
dustry，R＆D－intensivelargefirmSCOeXistwithalargenumberofnon－R＆D－Perfbrmlng
Smallfirms．ThepresenceofsuchanindustryexplainswhySPEEDhasanegative
COe抗cientinthe丘rsthurdle．Thisresultisconsistentwiththepositivecoefhcientof
SPEEDonR＆DintensltythatisobtainedinanOLSregressionwithR＆D－Performlng
丘msonly15・
AnotherunexpectedresultisthesignificantandnegativecoefhcientofFLOWrasit
impliesthatafirminanindustrywhereinfbrmationflowfromtransaction－basedsources
ismoreusefulislesslikelytoexpendfbrR＆D．Lookingattheindustrialmeans（see
Appendixlhble3），OnefindsthatFLOWTishighestinprinting（includingpublishing）．
Ir）thisindustry，CuStOmerSarethemostimportantinfbrmationsourceamongthefour
transaction－basedsources．Presumably，mOStPrOducts arecustom－madeandhence
Closeandfrequentrelationshipwithcustomersisrequired，throughwhichthecustomers
PrOvideinfbrmationleadingtothestartofnewprqJeCtSOrthecompletionofexistlng
Prq］eCtS，eXPlainlngthehighvalueofFLOWT Thisindustry，however，isoneofthe
leastR＆D－intensive：infhct，theproportionoffirmsperfbrmlngin－houseR＆Disonly
13percent，thelowestamongtheindustries（SeeAppendixlもblel），SuggeStingthat
R＆DprqJeCtSareCamiedoutonlybyasmallnumberoflargeR＆D－0rientedfirmS
and／orprqjectsneednotinvoIveR＆Dexpenditures．
Inviewofthispeculiarbehavioroftheprlntlngindustry，Weaddedadummyvariable，
PRINrwhichisoneifandonlyifthefirm’smainbusinesSisinprlntlng，Publishing，
andalliedindustries．Theestimationresultwiththisdummyvariableisshowninthe
righthalfofThble4．Asexpected，PRINThasaveryslgnificantnegativeeffectin
thefirsthurdle．Inaddition，thecoefhcientofFLOWTturnStOPOSitive，ifinslgnificant。
ThisresultclearlysuggeststhatthenegativecoefhcientofFLOWTinthefirstregression
resultowestothepeculiarnatureofthepnntlngindustry．Inotherindustries，thereis
notendencythatthepropensitytoperfbrmR＆Disnegativelyrelatedtothelevelof
transaction－basedinfbrmationflow．
15TheresultofthisOLSregressionissuppressedtosavespacebutisavailableinNakamuraand
Odagid（2003）．
7．2　TheSecondHurdle
NowletusgototheestimationresultsofthesecondhurdleinTbble4・Basically，all
thesignconditionsshowninlhble3aresatisfied・Theestimatedpositivecoefhcientof
VIisconsistentwiththehypothesisthatadiversifiedfirmpossessesaverticallybroader
CaPability，WhichmakesprocuredR＆Deasierandmoreusefu1，butisinconsistentwith
thehypothesisthatamoreintegratedfirmisoperatlngunderanenvironmentwithhigher
markettransactioncosts・ThecoefhcientofCFSisinslgnificant，SuPPOrtingneitherthe
hypothesisofcost－Sharingandrisk－SharingmotivationforcommissionedR＆Dnorthe
hypothesisthatinvestmentincommissionedR＆Disriskierthaninvestmentinphysical
assetsandthereforeneedstobefinancedinternally．
APPROhasanexpectedpositivecoefhcient，SuPPOrtlngthehypothesisthatastronger
Patentrighthelpsthefirmstoreducetransactioncosts・FLOWShasaslgnificantlypos－
itivecoefficient，SuggeStlngthatinformationflow丘omscientificsourcesemichestech－
nologlCalopportunltyandthe丘rmsaremotivatedtocommissionR＆Dtotakeadvan－
tagesofsuchopportunlty・Asinthefirsthurdle，FLOWThasanegativeandsignificant
COefhcientbut，WhenPR）NTisadded，thesignificanceislost．Thecoe伍cientofPRINT
isnegativeandsignificant，SuggeStlngthatprlntlngandpublishingfirmSareinactivein
commissionedR＆Daswell．
SPEEDhasnegativecoefhcientsasinthefirsthurdle．Inanindustrywithfhstinnova－
tion，thefirmmayfbelastrongerneedtoaccumulatecapabilitiesinternallyand／Orthere
maynotbemanyqualifiedparties（firms，laboratories，Oruniversities）tocommission
R＆Dto．
7．3　DeterminantsoftheThreeModesofProcuredR＆D
SofhrwehaveonlyconsideredcommissionedR＆DasameanSOfprocuredR＆D．
WewillnowexpandtheanalysISandestimatethedouble－hurdlemodelwitheachmode
OfprocuredR＆Dasanalternativesecond－hurdlevariable．Theresultsaresummarized
inl五ble5，Whichshowsonlytheestimatedresultsofthesecondhurdlebecausewe
COn丘rmedthattheestimationresultofthefirsthurdleisinsensitivetothechoiceofthe
dependentvariableinthesecondhurdle・Inaddition，eVenthoughwenowusedRDD
asthe丘rst－hurdlevariableinplaceofICRDDfbrthereasondiscussedinSection5，the
estimatedfirst－hurdleresultsarebasicallyunchanged．Inotherwords，theestimation
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resultsofthefirst－hurdleequationshowninThble4standregardlessofwhetherRDD
orICRDDistakeninthefirsthurdleandwhichoftheprocuredR＆Dvariableistaken
inthesecondhurdle16．
Inviewofthepeculiantyofthepnntlngindustryasshownabove，WeOnlypresent
resultswithPRINT
TheestimatedCRDequationisslightlydi鮪rentfromthatinlhble4（inthefhrright
column）becausethefirst－hurdlevariableisnowRDD；however，thesignsofallthe
COe伍cientsareunchanged・TheseslgnSarethesameintheCRDNequation，thatis，
Whenin一grOuPCOmmissionedR＆Disexcluded・TheonlydifftrencefromtheCRD
equationisthatthenegativecoefhcientofPCisnowslgnificantashypothesizedin
Section6．
ThesameslgnSgenerallyholdintheJRDand7Aequations，SuggeStlngthesimilarly
ofthedeterminantsofthethreemodesofprocuredR＆D．However，aftwinteresting
Variationsappearregardingthecoefhcientsofindustrialvariables・First，FLIOWShas
positiveandsignificantcoe伍cientsintheCRDandJRDequationsbutthesignificance
islostintheIAequation・Inanindustrywithabundantinfbrmationflowfromsci－
entificsources，COmmissionedR＆DandjointR＆Dtendtobemoreactivebutthere
isnoslgnificantdiffbrenceregardingtechnologyacqulSltl0nS・Itissuggestedthat，in
SuChanindustry，firmSareeagertOincorporateadvancedscienti伝cknowledgethrough
COmmissionlngOfR＆DandjointR＆D・
Second，thecoefhcientofFLOWT，WhichisinslgnificantbutnegativeintheCRD
equation，ispositiveandsigni丘cantintheJRDandIAequations・Thatis，inanindus－
trywithfrequentinfbrmationflowfromtransaction－basedsources，SuChassuppliers，
CuStOmerS，andcompetitors，jointR＆Dismoreactivelyperformedaswellaslicenslng，
butnotcommissionedR＆D．Itissuggestedthat，inanindustryinwhichsuchinforma－
tionflowisusefu1，thefirmfindsmoreopportunityfbrjointR＆Dwithitstransaction
PartnerSOrfbrlicenslng－1nOftechnologyfromthem・Bycontrast，COmmissionlngOf
R＆Dismorelikelytooccurtoscienti丘csources，SuChasuniversities，aSJuStdiscussed
Or，POSSibly，tOR＆Dspecialists・
Third，SPEEDhasaslgnificantnegativecoe伍cientintheCRDequation，negativebut
aninslgnifiCantOneintheJRDequation，andapositiveandsignificantoneintheIA
equation・Presumably，Wheninnovationoccursrapidly，thefirmiskeentocatchupwith
16Fordetailedestimationresults，SeeNakamuraandOdagiri（2003）．
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innovationthroughlicenslng－1nOfalreadyinventedtechnologleS，ratherthanthrough
COmmissionlngOfR＆Dbecauseitwouldtake substantialtimeuntiltheoutcomeis
gainedfromcommissionedR＆Dandthepredictabilityofitsoutcomeislow．
Incontrasttothesethreevariables，theremainlngindustrialVariable，APPRO，has
COnSistentlypositiveandsigni丘cantcoe伍cientsregardlessofthemodesofprocured
R＆D，StrOnglysupportlngthehypothesisthateffbctiveprotectionbypatentscontributes
tothereductionoftransactioncosts．
ManyoftheseresultsdonotholdintheCRDIequation．Inparticular，thecoeLficient
OfPCispositiveandstronglyslgnificantasexpected，makingagoodcontrasttothe
negativeandsignificantcoe伍cientintheCRmequation．Parent－COntrOlledfirmstend
nottocomissionR＆DtooutsideofthegroupbuttheydocommissionmoreR＆D
Withinthegroup・Presumably，thedecisiononthecommissionlngOfR＆Dtooutside
ismadebyparentfirms・In－grOuPR＆Dcapabilitiesareprobablyalsoconcentratedto
Parent丘rmSOrin一grOuPR＆Dcompanies，andthesubsidiariescommissionnecessary
R＆Dtothesefirms．
FurthermOre，allthecoefhcientsofindustryvariablesareinslgnificantintheCRDI
equationandsoarethecoe伍cientsofVIandmV，thevariablesshowingthevertical
anddiversifyingbreadthofthefirm’Scqpabilities．Wemaytherefbreconcludethat
theactlVltyOfin胃grOuPCOmmissionlngOfR＆Disdependentonneithertheindustrial
Characteristicsnorthe丘rm’sorganizationalfbrm．
7．4　EstimationResultsbrLargeFirms
Inordertoinvestigateifouruseofthedouble－hurdlemodeldoesmatter，WeShow，in
thelefthalfofThble6，thedeterminantsofprocuredR＆Destimatedasslngle－equation
Tbbitmodels，ComparlngltWithlhble5，Wefindthatthegeneraltendencyisthesame，
COn丘mingtherobustnessofourestimationresults．Ybt，ZValuestendtobehigherin
thedouble－hurdlemodelestimations（exceptRDINT）andsomeofthestatisticalsignif－
icanceislostintheTbbitresults（e．g．，APPROintheJRDequationandSPEEDinthe
IAequation）．Thisdi鮎rencecomesfromthefhctthat，inthedouble－hurdlemodel，the
SeCOnd－hurdleequationisrelevantonly丘）rR＆D胃PerfbmingfirmS（seethelikelihood
functioninAppendix2）whereas，intheTbbitmodel，allthesample丘rmS，Whether
theyareperfbrmlngR＆Dornot，aretreatedequally．BecauseRDINTisadecisive
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Variableto separateR＆D－Perfbrmingfirmsfromothers（asRDINT＝0forallnon－
R＆D－Performingfirms），itisestimatedtohavealarger－than－realexplanatorypowerin
theTbbitmodel．Theothervariables，bycontrast，losetheirexplanatorypowerbecause
Ofthepresenceofsomanyzero－Valueddependentvariables．
ThisdifhcultywiththeTbbitmodelismltlgatedwhenwerestrictoursampletolarge
firmS，becausenon－R＆D－Perfbrmlngfirmsbecomerelativelyunimportantamongthese
la堰e丘ms．
TheSmallandMediumEnterpriseBasicLawofJapande丘nes‘sma11andmedium
enterprises’（SME）asthefirmSWithcapitalizationnotinexcessof300millionyenor
With3000rftweremployees．Hence，inthefbllowlng，Wedefine’largefirms’asthose
thatdonotsatisfythiscriterionofSME．Therewere2，026suchfirmSinoursample，
Whichcomprise14．4percentofthewholesample．Amongthese，1，715（84．6percent
Of2，026）perfbrmedatleastonefbrmofR＆D，Whetherin－houseorprocured，thatis，
RDD＝1．Hence，nOn－R＆D－Perfbrmlng丘rmsareminorltyamOngthelargefirms，in
COntraSttOthefhctthatnon－R＆D－Performlngfirmsaccountedfor52．8percentamong
theentiresample．
Theright－handhalfoflもble6showstheTbbitestimationresultsfortheselargefirms・
CompanngltWiththeestimationresultsoftheentiresampleinthelefLhandhalfof
the same table or withthe second－hurdle estimation resultsinlもble4，We丘nd that
theresultsarereasonablysimilar，Withonlyafbwchanges．First，thecoe鮪cientsof
PCarenotslgni負cantamonglargefirms，SuggeStlngthatlargesubsidiaryfirms are
actlngmOrelikeindependentfirmSintermsoftheirR＆Dactivlty．Thisresultshould
appearreasonableifonerecallsthefhctthatsuchlargeJapanese丘rmSaSJVCandHino
Motors（withoutimplyingthatthesefirmSareinfhctinoursample）aresubsidiaries（Of
MatsushitaElectricandTbyota，reSPeCtively）．
Second，theresultsonindustrialvariablesaremixed．Comparedtotheresultswith
theentiresample，intheCRDequation，FLOWSandSPEEDloseslgnifiCanCe・When
infbrmationflowfromscientificsourcesisabundant，largefirmSmaybeabletoacqulre
andabsofbsuchinfbrmationthroughpq）erSandotherspilloverswithoutconlmissionlng
R＆D．AlargerincentivetospeeduplnnOVationthroughcommissionlngR＆Dmaybe
StrOngeramOnglargefirms，0ffsettlngthedesiretoaccumulatec叩abilitiesthroughin－
houseR＆D．Inthe7Aequation，thepositivecoefhcientofSPEEDisstrengthenedin
termSOfboththecoe伍cientanditsstatisticalfit．IntheJRDand7Aequations，APPRO
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becomesinslgnificant・Thisresultisunsatisfactory，ParticularlybecauseAPPROis
COnStruCtedfromthesurveyOflargefirmSOnlyandshouldtherefbrerenecttheviews
Oflargefirmsbetter．Theestimationresultsofthedouble－hurdlemodelappearmore
reasonableinthisregard．
Inconclusion，eVenthoughmostofthegeneralresultsholdevenwithsingle－equation
Tbbitmodels，Webelievethatdouble－hurdlemodelsprovidemorereasonableestimates，
Particularlywhenthebehaviorofmostlynon－R＆D－PerfbrmlngSmallandmediumen－
terpnsesshouldbealsoaccounted．
8　SummaryandConclusions
Inthispaper，WearguedfortheimportanceoftheissueofR＆Dboundariesofthe
firm，namely，thefirm’schoicebetweenperfbrmlngR＆Din－houseversusprocurlnglt
fromoutside．Ⅴ彿iousmodesofR＆Dprocurementareavailableandweclassifiedthem
betweencommissionedR＆D，jointR＆D，andtechnologyacquisitions（i．e．，licensing－
in）・Thereisanimportantdifrbrenceamongtheseintermsofthetimingofcontractand
theextentofdefinabilityanduncertaintyatthetimeofcontract．
Makinguseofalarge－SCaledatabaseofmanufactunngfirmsinJapan，Wehaveem－
PlrlCallyanalyzedthedeteminantsofthesethreemodesofprocuredR＆Dtotestthe
hypothesesbuiltaroundthetwomaJOrtheories－thetransactioncosttheoryandtheca－
Pabilitytheory・Inviewofthepresenceofalargenumberof丘rmswhofhiledtoperfbrm
anyR＆DactlVltyatall，WeformulatedtheR＆Ddecisionprocessasadouble－hurdle
modelandestimatedthismodelwithamaximumlikelihoodmethodology・
Generally，theestimationresultssupportthetwotheories・Mostimportantly，We
fbundpositiveimpactsoffirmsize，in－houseR＆Dintenslty，diversi丘cation，andver胃
ticalintegration，Whichsupportsthehypothesisthatthepresenceofalargeandbroad
absorptlVeCaPaCltylSaCOntributingfactorforprocuredR＆DbymakinglteaSierfbrthe
firmstoseekpotentialpartners，eValuatethem，mOnitorR＆Dalliances，andutilizethe
OutCOmefbrcommercialization・Wthavealsofoundapositiveefftctoftheindexof
appropriabilitybypatents，Whichsupportsthehypothesisthatapproprial）ilityreduces
transactioncosts・ManyoftheseresultsapplytoR＆Dcommissionedtonon－grOuP
Organizations，JOintR＆D，andlicenslngbutnotnecessarilytoR＆Dcommissionedto
in－grOuPfirmS，SuggeStlngthatgroupsarequasi－intemalorganizationsandtherefore
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monitorlngand叩PrOPriabilitylSSueSdonotarise・
Wbalsofbundthat（1）informationflowfromscientificsources（universities，Pub－
1iclaboratories，andacademicassociations）stimulatescommissionedR＆Dandjoint
R＆D，（2）infbrmationflowfromtransaction－basedsources（SuPPliers，CuStOmerS，and
COmPetitors）StimulatesjointR＆Dandtechnologyacquisitionsand，（3）firmSinfhst－
innovatlngindustriestendtorelyonlicenslng－1ntOaCqulreCOmPletedtechnologleSand
ratherrefrainfromcommissioningR＆D，PreSumablybecauseitwouldtaketimebefbre
theoutcomeistobegainedfromcommissionedR＆D．
Ofcourse，therestillremainmanylSSueStObeaddressed．Thefirstistheadequacy
OfthemeasureofR＆DprocurementactlVlty．Forinstance，thenumberofpartnersin
aJOintR＆DprqJeCtneednotberelatedtotheintensltyande伍ciencyoftheprqleCt，
Particularlybecause丘rmsmaybemoretemptedtofreerideonthepartners’efFbrtsif
therearemanyparticIPantS．TbchnologyacqulSltlOnSaremeaSuredbytheamountthe
firmPaidfbracquiredtechnologleS・However，SincemostpaymentfbrlicenslnglSCOm－
POSedoffixedinitialpaymentandrunnlngrOyaltywhichisusuallyafixedpercentage
Ofsales，itcanviolentlyfluctuatefromyeartoyearandthefirmkeepspaylngfbrmany
yearsaftertheactualtechnologyacquisitionhastakenplace．
Second，thereremainsapossibilityofendogeneltyOfsomeoftheindependentvari－
ables．Inreality，the丘rmWOuldfirstdeteminehowmuchresourcestobeinvested
fbritsentireR＆Dactivltyand，then，WOulddeterminethebestmixofin－houseR＆D，
COmmissionedR＆D，jointR＆D，andlicenslng．WiththeadoptlOnOfadouble－hurdle
model，WebelievewehavemadeanimportantsteptowardsanalyzlngthissequenCe
Ofdecisions．Still，Wehavenotyetfullyinvestlgatedthesimultaneousdecisionof
in－houseR＆DandthethreemodesofprocuredR＆Dandinsteadestimatedthedeter－
minantsofeachmeanSOfprocuredR＆Dseparately，uSlngin－houseR＆Dintensityas
anexplanatoryvariable．Howtomodelsuchsimultaneousdecisionofthe丘汀nandhow
toestimatesuchamodelarebigquestionsthatweintendtopursueinthefuture．The
PreSentanalysis，Wehope，PrOVidesagoodstartlngPOlnttOWardssuchamorecompre－
hensiveanalysis．
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Appendixl．DabSource
TheBasicSurveycfBusinessStructureandActivities（BSA）wasfirstcompiledby
thethenMinistryofInternationalTradeandIndustry（MITI；reOrganizedastheMin－
istryofEconomy，uadeandIndustryorMETIin2001）in1992andtheneveryyear
Since1995．BSAcoversallthe丘rmsinJapanthatmeetthefollowlngthreeconditions；
（1）thefirmhasanestablishmentclassifiedtoeithermqjordivisionD（mining），F（man－
ufacturing）orI（Wholesaleandretailtrade，eatinganddrinkingplace）oftheJapanese
StandardIndustrialClassi丘cation（JSIC），（2）with50employeesormore，and（3）with
CaPitalization（i．e．，thebookvalueofequity）of30millionyenormore・WithMETI’s
kindpermission，WeuSetheunpublishedfirm胃1eveldataofthissurveyfor1997・
AggregatedindustrydataofBSAhasbeenpublishedinaseriesofo伍cialreports17・
However，OurSChemeofindustrialclassi丘cationisdifftrentfromthatusedinthesere－
POrtS．Theyclassifiedeachfirmintooneofthe2－digitJSICindustriesaccordingto
the3－digitindustrywith1argestsales・Weaggregatedthefirm’S3－digitsalescompo－
Sitiontothatof2－digitand，then，Classi丘edthefirmintotheindustrywiththelargest
Sales．Forinstance，SuPPOSethatthefirmsellsproductsinthree3－digitindustries，Say，
303（COmmunicationequipment），304（COmPuterS），and329（miscellaneousprecision
instrument），Whichcomprise，reSPeCtively，30，30，and40percentofthefirm’stotal
Sales．Then，theofhcialreportclassifiesthe丘rmintothe2－digitindustry32（PreCision
instrument）whereasweclassi丘editintothe2－digitindustry30（electricalequipment）
becausethesumofthesalesinindustries303and3040utWeighsthatinindustry329．
IndustrystatisticsshowninAppendixThblesl，2，and3werecalculatedaccordingto
thisclassificationschemeofours．
Thesampleinouranalysisconsistsofallthemanufhctunng丘rmsinthesurvey18・
However，aPParent‘outliers’wereeliminated．Forinstance，Onefirmreportedthatit
hadjointR＆Dagreementswith315partners，Whichisextraordinarylargecomparedto
Otherfirms．Itis，infhct，difhculttoimaglnethatthe丘rmcanmaintaine飴ctiveR＆D
COllaborationwithsuchmanypartners．Weeliminated21similarlyqPParentOutliersso
thatallthesamplessatiSfythefollowingconditions（Seelhblesland2forthevariable
17seehttp：／／www．meti．gojp／english／statistics／dataP12cltope．htmlforapreliminaryreportinEnglish．
18similarlytoour2－digitindustrialclassificationexplainedinthepreviousparagrq，h，Weaggregated
the丘rm’S3－digitsalescompositiontothatof1－digitandde丘nedmanufactunng丘rmsasthe丘rmswhose
largest1－digitindustryclassificationisF（manufacturing）．
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SymboIs）：（1）CRか＜40，000，（2）J尺D＜150，（3）rA＜14，000，（4）尺か1Ⅳブ＜0．35，
（5）VI＜1，（6）－1＜CFS＜1・Thefinalsamplecontains14，070丘rms．
TheindustrialdistributionofthesefirmSisshowninthesecondcolumnofAppendix
Thblel，tOgetherwiththenumberoffirmSthatreportedapositivevalueforeachdepen－
dentvariable・AppendixThble2showsindustrialmeansofin－hou声eandprocuredR＆D
intensities，Calculatedastheratios（inpercentage）tothefirm’ssales．NotethatJRD
isthenumberofpartnersinJOintR＆D；hence，itsratiotosalesisdifficulttointerpret
andnotcomparabletotheR＆DintensltyaSuSuallydefined，SuChastheratiooflRDto
Sales・Appendixlhble3givestheindustrialmeansoftheexplanatoryvariables・
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Appendix2．TheDouble・HurdleModel
FollowingFloodandGrasjo（2001），WeWriteatwo－equationmodelasfbllows：
d；＝ズ1～β1＋Vj
y；＝亮β2＋q
Where，inourstudy，d；isalatentvariablerepresentlngParticipationinR＆Dandy；is
alatentvariablerepresentlng，forinstance，COmmissionedR＆D．xliandx2iareObserv－
ablevectorsofexplanatoryvariables，β1andβ2arethevectorsofparameterS，andthe
randomerrors（γi，Ei）′areassumedtoobeyi．i．d．bivariatenormaldistribution（BVN）
withmeanzeroandvariance－COVariancematrixasfbllows19：
（γ”q）′～βⅤⅣ（0，∑），∑＝
Vhimposethefbllowlngthresholdconditions：
df＝
1．f＝
（
（
l o．β
叩J2
1げ鱈＞0
0江華≦0
ガげ4＝1α乃dガ＞0
0（）rゐeJWi∫e
（3）
（4）
（5）
Wherediisanobservedvalue，WhichequalsICRDDiinourstudy．Simi1arly，yilnOur
StudyisCRDi，etc．Usingtheseequations，WeWritethelikelihoodfunctionasfollows：
上＝n（ト勒＞－舶））n鞠＞一丸β1，－棚2≧q）
d㍉＝0　　　　　　4＝1，γ戸0
×n F（γ′＞一丸β1，q＞－ズ娩）′（qh＞瑞β1，q＞－棚2）（6）
d戸1，動＞O
Wheref（・）andF（・）denotedensityandcumulativedistributionfunctionsrespectively．
The丘rstmultiplicativetermcorTeSPOndstotheprobdbilityofthecaseinwhichd，＝0
19InCragg，songinalmode1，theerrortermS，yLandEi，WereaSSumedindependent・However，aS
equations（1）and（2）arebothrelatedtotheR＆Dactivityofthesame丘m，itislikelythatunobservable
COmmOnfhctorsgeneratecorrelationbetweentheresidualerrors．Wethusassumeequation（3）．While
thisassumptionfollowsthatofthe‘double－hurdledependentmodel’ofJones（1992），OurmOdeldi鮎rs
fromhisinanimportantWay・InJones’smodel，theinformationond．islackinganditwasassumedthat
di＝1ifandonlyifyi＞0．We，Ontheotherhand，haveinformationondi（namely，ICRDDi）andutilize
thisinfomatior）tOformulatethelikelihoodfunctionbelow．
（andhencey，＝0），andthesecondterm，di＝1andyetyi＝0．Thelasttermgivesthe
PrObabilitythat，glVenthatthesedoublehurdlesarecleared，y；isrealizedasyi・
Combiningalltheseequations，Wehave
I＝n◎（－棚1）n◎2（棚1，－ズ；iβ2／げ，β）
d戸O dド＝1，の＝0
丞－β1＋告＠ドズ；β2）
よさ。し‾＼　√二才×．腑（ ）去柚一肋′可（7）
where◎and◎2arethestandardnormaldistributionfunctionsfbr，reSPeCtively，umi－
Variateandbi－Variatecases．Bymaximizing（7），WegetCOnSistentestimatesofβ1，β2，
and∑．
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Tablel・R＆DVariables：DescriptiveStatistics
ti11111i＝川1＼・ul．e＼CellJJ mltl．／尺J）
SamPlewithpositivevaluesSymboI DescrlPtlOn
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Wh01esample
n Mean Std．Dev．　　　Max n Mean Median Std．Dev．
〟lD
C尺D
C凡DⅣ
C月かJ
J凡D
ブイ
In－houseR＆Dexpenditures
TotalcommissionedR＆Dexpenditures
Non一grOuPCOmmissionedR＆Dexpenditures
In－grOuPCOmmissionedR＆Dexpenditures
NumberofjointR＆Dpartners
PaymentfortechnologyacqulSitions
14070　　466．46
14070　　　21．20
14070　　　16．85
14070　　　　4．35
14070　　　　0．23
14070　　　11．37
6632．40　　427800
94．42　　　14907
271．93　　　14907
80．07　　　　4336
1．98　　　　　75
1 8．53　　　　8215
6281　1044．91
1315　　226．79
1150　　206．15
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950　　　3．47
834　　191．76
54．00　　9896．60
15．00　　　938．87
10．69　　930．81
29．91　　910．61
2．00　　　　6．83
16．00　　709．72
Notes：1・n＝numberofobservations（i．e．，numberofnrmS）．
2・Foranyvariable，themedianforthelwholesample－equalsOandthemaximumvaluefbrtheTsamplewithpositivevaluesTequalsthatforthe▼wholesample一・
3・SubscrlPtiissuppressed．
DataSource：BSA
Figurel．R＆DDecisionFlowChart：TheDouble－HurdleModel
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（14070）
Shoulditexpendfor
anyR＆Dactivity
（JCⅣDf＝1）？
No
（7634）
FirstHurd］e
Second圧urdle
Shoulditexpendfor
COmmissionedR＆D
（C尺か′＞0）？
Determinethelevelof
commissionedR＆D
No
（5121）
Notes：1．ICRDD．＝1ifmDI＋CRDi＞0
＝Oif〟［β7＋C尺∂′＝0．
2．Inparenthesesarethenumberof丘rmS．
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Table2・ListofIndependentVariablesatIdDescriptiveStatistics
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几0秒富
化OIrr
gP五gD
P尺／〃γ
In－houseR＆Dintensity
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Cashflowratio
Parent－COntrOHed
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Transaction－basedinformationflow
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Indexofproductdiversification（1－HL佗，WhereH＝Hernndahl
index）
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SOurCeS（supplierswithorwithoutshareowr）erShip
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Speedofinnovationchange＊
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0．008　　　　　0　　　0．018　　　　　0　　　0．332
8．407　　　8．191　　1．287　　　4．454　　15．866
0．293　　　0．277　　　0．131　　0．001　　0．986
0．143　　　0．092　　　0．151　　　　　0　　　0．656
0．044　　　0．039　　　0．059　　　－0．931　　0．964
0．280　　　　　0　　　0．449　　　　　0　　　　　1
0．322　　　0．314　　　0．070　　　0．142　　　0．615
0．385　　　0．369　　　0．081　　0．247　　　0．825
0．463　　　0．472　　　0．080　　　0．341　　0．625
3．054　　　3．090　　　0．281　　2．038　　　3．786
0．056　　　　　0　　　0．230　　　　　0　　　　　1
Samplcwi血月かβ＝1（〃＝6648）
Mean Mcdian Std．Dev．
0．017　　　0．009　　　0．024
8．907　　　8．675　　　1．375
283　　　0．272　　　0．112
0．167　　　0．133　　　0．156
047　　　仇042　　　0．058
0．262　　　　　0　　　0．440
332　　　0．331　　0．075
394　　　0．369　　　0．101
458　　　0．462　　　0．074
064　　　3．063　　　0．281
0，017　　　　　　0　　　0．130
Note＝n＝numberofobservations（i・e・，numberofnrms）・RDDi＝Jifandonlyifmin（LRDt．CRDi．JJu）LTAi）＞0．
DataSource：BSA，eXCept．byGotoandNagata（1996）
Table3．HypothesizedSignsoftheCoefricients
DependentVariables
FirstHurdle SecondHurdle
IndependentVariables RDDorIC足DD CRD（orC尺DN，C尺DI），JRD，OrTA
尺上）〃Vr
上以上五
番ヴ
上）Jr
C柑
PC
JPP尺0
托0抒富
化0抒り’
ぷPEED
Wr
Note：Subscriptiissuppressed．
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TablC4．EstimationResultsofthcDoubleHurdleMode）
Firsthurdle Secondhurdle Firsthurdle Secondhurdle
Dependentvar．IC尺DD CRD ICRDD CRD
尺DJ〃γ
上丘4上丘
ド1
Dlド
CF苫
PC
dPP尺0
毘0椚
FIOH’γ
gP五g上）
PRJⅣr
Constant
SIGMA
RHO
Loglikelihood
5，194。386
（5．97）＊＊＊
0．476　　　　　　　340．369
（38．50）＊＊＊　　（7．30）＊＊＊
1．174　　　　　　　625．825
（10．94）＊＊＊　　（3．31）＊＊＊
0．793　　　　　　　314．247
（10．40）＊＊＊　　（2．93）＊＊＊
0．102　　　　　　　30．981
（0．45）　　　　（0．08）
－0．200　　　　　　－6．386
（－7月7）＊＊＊　　（－0．20）
2．292　　　　　　2，124．185
（12．56）＊＊＊　　（5．82）＊＊＊
1．015　　　　　　　715．663
（6．24）＊＊＊　　　（3．46）＊＊＊
－0．957　　　　　　－525．078
（－6．70）＊＊＊　　（－2．52）＊＊
－0．170　　　　　　－139．879
（－3．96）＊＊＊　　（－2．48）＊＊
ー4．683　　　　　－4，971，448
（－25．45）＊＊＊　　（－7．16）＊＊＊
938．492
（7．21）＊＊＊
0．953
（66．29）＊＊＊
－20474．98
5，167．408
（5．91）＊＊＊
0．484　　　　　　　341．480
（38．75）＊＊＊　　（7．30）＊＊＊
1．271　　　　　　656．230
（11．70）＊＊＊　　（3．44）＊＊＊
0．707　　　　　　　278．098
（9．20）＊＊＊　　　（2．61）＊＊＊
一0．033　　　　　　　－5．982
（－0．14）　　　（一0．02）
一0．221　　　　　　－13．353
（－8．66）＊＊＊　　（－0．42）
1．518　　　　　1，898．605
（8．09）＊＊＊　　　（5．50）＊＊＊
1．308　　　　　　　827．528
（8．16）＊＊＊　　　（3．86）＊＊＊
0．201　　　　　　－134．098
（1．24）　　　　（－0．64）
一0。122　　　　　　　－123．609
（－2．83）＊＊＊　　（－2．22）＊＊
－1．040　　　　　　　－492．434
（－14．67）＊＊＊　　（－3．54）＊＊＊
一5．253　　　　　　－5，163．867
（－27．94）＊＊＊　　（－7．17）＊＊＊
938．291
（7．20）＊＊＊
0．955
（55．57）＊＊＊
－20347．38
Notes：1．No．ofobservations＝14070。
2。Robustz statisticsinparentheses。
3．＊signincantat10％；＊＊at5％；＊＊＊atl％・
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Table5．TheDeterrninantsofProcuredR＆D：TheSecond－IIurdleEstimationResults
Modeof
ProcuredR＆D
C月か　　　　　　C尺DⅣ　　　　　C且DI JRD m
足DJⅣブ　　　　　5，535．647
（6．04）＊＊＊
上丘4上£　　　　　338．874
（7．30）＊＊＊
レ7　　　　　　　　643．295
（3．41）＊H
か1㌢　　　　　　　278．249
（2．62）＊＊＊
C和　　　　　　　一15．035
（一0．04）
PC　　　　　　　－12．785
（－0．40）
dPP尺0　　　　1，875．869
（5．47）掴＊
毘0昭　　　　　824．089
（3．85）＊＊＊
兄OIγ71　　　　－133．020
（－0．63）
ぶP£gD　　　　　－125．439
（－2．26）H
P尺JⅣブ　　　　　　ー491．648
（－3．54）＊＊＊
Constant　　　　－5，126．654
（－7．17）＝＊
SIGMA　　　　　937．280
（7．20）輌＊
RHO O．945
（60．29）拍車
Loglikelihood　－20379．05
5，518．671　　3，238．026
（5．55）＊＊＊　　（3．72）＊＊＊
316．566　　　188．746
（6．56）＊＊＊　　（5．72）＊＊＊
505．411　　　150．253
（2．76）輌＊　　（0．63）
336．786　　　103．825
（3．04）＊＊＊　　（0．87）
169．404　　　　－30．193
（0．54）　　　（－0．06）
－114．789　　　　229．138
（－2．91）…＊　（5．09）＊＊＊
2，036．336　　213．622
（5．48）輌＊　　（0．70）
904．348　　　　－158．163
（3．88）＊叫　　（－0．67）
－203．695　　　186．441
（－0．95）　　（0．75）
－147．891　　　－24．047
（－2．51）＊＊　　（－0．37）
－488．668　　　　－259．343
（－3．16）＊＊＊　（－1．86）＊
－4，922．450　　－3，326．851
（－6．45）…＊　（－5．89）＊＊＊
922．209　　　　694．359
（6．48）輌＊　　（7．22）＊＊＊
0．958　　　　　0．893
（37．75）輌＊　（33．57）＊叫
－18930．08　　　－11245．52
25．166　　　　2，316．237
（3．44）＊＊＊　　（4．03）＊＊＊
2．164　　　　　　325．721
（8．45）＊＊＊　　（7．01）出＊
．907　　　　　　830．595
（3．17）＊＊＊　　（4．25）輌＊
7．398　　　　　　254．792
（6．08）＊＊＊　　（2．48）耕
一2．932　　　　　－429．075
（－0．98）　　（－1．20）
－0．654　　　　　3．585
（－1．84）＊　　（0．11）
6．746　　　　1，122．837
（2．68）＊＊＊　　（4．18）＊＊＊
9．519　　　　　271．224
（5．10）＊綿　　（1．57）
9．438　　　　　347．438
（3．96）＊＊＊　　（1．66）＊
－0．724　　　　　101．083
（－1．22）　　（1．68）＊
－7．243　　　　　－461．003
（－5．40）＊＊＊　（－3．33）＊＊＊
－44．426　　　　－5，387．194
（一9．49）＊＊＊　（－6．96）＊＊＊
9．653　　　　　　744．535
（12．13）＊＊＊　（7．19）輌＊
0．977　　　　　　0．946
（35．03）H＊　（58．98）棉＊
－13125．74　　　－15979．52
SeeNotetoTable4．
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Table6・DeterminantsofProcuredR＆DinAllFirmsvs・LargeFirms：TobitEstimationResults
All伝nns
C足D C凡DⅣ　　　　　C凡DI J尺D TA
ennns
C凡D C尺DⅣ　　　　C凡DJ J足D rd
尺β爪rr
上丘4上丘
ド／
上）Jr
C用
PC
APP舟0
几OI柑
Fr－OJドブ
ぶP上丘D
P凡Wr
Constant
Obscrvations
Loglikelihood
11，685．849　11，120．790　　6，421．634
（6．99）＊拍　　（6．30）…＊　　（5．35）柚＊
288．714　　　　271．490　　　159．560
（7．21）＊…　　（6．48）中川　　（5・49）＝＊
448．304　　　　340．099　　　　67．637
（2．86）H＊　　（2．19）＊＊　　（0．34）
260．406　　　　310．778　　　113．985
（2．50）…　　（2．87）用事　　（0．98）
－50．276　　　　105．780　　　　－62．109
（－0．14）　　（0．32）　　　（一0．12）
－3．200　　　　　－105．933　　　233．253
（－0．10）　　（一2．71）＊＝　（5．16）＝＊
1，492．612　　1，672．470　　　50．103
（4．89）＊＊＊　　（5．09）＊車＊　　（0．17）
559．864　　　　675．827　　　　－401．943
（2．73）H＊　　（3．09）＝＊　　（－1．57）
－107．736　　　－159．893　　　131．507
（－0．51）　　（－0．74）　　（0．53）
－144．672　　　　－163．827　　　　－42．843
（－2．64）＊＊＊　（－2・80）＊榊　（－0・68）
－442．983　　　　－449．797　　　　－218．378
（－3．28）…＊　（－2・99）軸＊　（・1．59）
一4，388．492　　－4，269．847　　－2，824．888
（－7．05）＊H　（－6．35）＊＊＊　（－5．65）＊…
14070　　　　14070　　　　14070
－12720．49　　　－11178．98　　　－3171．37
86．856　　　　5，981．097
（8．31）出＊　　（6．67）輌＊
1 747　　　　　294．525
（7．54）叫＊　　（6・89）出＊
2．989　　　　　669．808
（1．90）＊　　　（4．10）榊＊
7 010　　　　　268．207
（5．89）＊胼　　（2．60）輌＊
－2．892　　　　　－403．908
（－0．94）　　（－1．15）
－0．604　　　　　5．629
（－1．70）＊　　（0．17）
3．614　　　　　　861．509
（1．46）　　（3．42）＊H
6 881　　　　104．623
（3．65）…＊　　（0．58）
9 449　　　　　399．853
（3．92）出＊　　（1．88）＊
－0．833　　　　　81．588
（－1．42）　　（1．38）
一6．501　　　　　－459．106
（－4．92）＊…　（一3．31）＊＊＊
－38．027　　　　－4，912．897
（－8．88）＊…　（－6．85）耕＊
14 70　　　　14070
－5419．72　　　　－8057．65
14，432．390　11，502・228
（6．02）綿＊　　（5月4）＊H
524．083　　　　510．865
（6．44）拍車　（5月4）輌＊
1，264．879　　1，359・488
（2．36）出　　（2．60）胼＊
461．769　　　　535．954
（1．68）＊　　　（L88）♯
＿822．224　　　－242．578
（－0．85）　　（－0・28）
143．547　　　　－5216
（1．63）　　（－0・06）
2，702．370　　3，402．256
（3．64）＊…　　（4．37）輌＊
635．035　　　　912．865
（1．17）　　（1カ8）＊
－259．445　　　－77．902
（－0．44）　　（－0・13）
＿212．037　　　－281．625
（－1．53）　　（－1・91）＊
－858．567　　　－1，079．357
10，350．146　　82．638
（4．84）＊＊＊　（4・50）＊耕
202．525　　　　2．587
（3．56）…＊　（4・18）＊＊＊
＿181．010　　　6．450
（・0．32）　　（1・22）
358．062　　　11．430
（1．35）　　（3・68）＊画
一1，023．508　　－2．231
（－1．00）　　（－0・32）
353．024　　　　0．318
（3．47）＊＊＊　　（0・34）
353．302　　　　7．926
（0．46）　　（1・08）
－1，598．804　　8．792
（・2．37）＊＊　　（1・72）＊
＿432．060　　　11．736
（－0．66）　　（1・71）＊
－81．557　　　・2．778
（－0．54）　　（－1・77）＊
＿114．036　　　・6．803
7，756．675
（5．77）＊＊＊
383．065
（6．20）＊＊＊
511．918
（1．26）
572．740
（2．62）＊＊＊
－961．008
（－1．33）
93．184
（1．18）
603．164
（1．15）
491．411
（1．29）
1，175．550
（2．38）＊＊
372．744
（2．70）＊＊＊
．966．434
（－2．05）＊＊　（－2．25）＊＊　（・0・26）　（－1・74）＊　　（－2・79）柚
－7，869．947　　－8，037・920　　－3，117・333　・50・708　　　－7，489・769
（－6．25）…　（－5．82）＊…　（－3・43）＊吊　（－4・59）＊＊＊　（－6・25）＊＊＊
2026　　　　　2026　　　　　2026　　　　　2026　　　　　2026
＿5098．42　　　－4507．08　　　－1403．96　　・1736．56　　　－4254．83
Note：tStatisticsinparentheses．＊signincantat10％；Hsignincantat5％；出＊signincantat1％．
AppcndixTablel．IndustrialDistritIutionofFirms
No．ofall
SaHlplc蝕msNo．of丘nnswithpositivein－houseorprocuredR＆D
〟lD C尺D C尺DⅣ　　　　　C尺Dd JRD
Food
Beverages，tObaccoandfbed
Textilemillproducts
Apparelandothernnishedproducts
Lumberandwoodproducts
Fumitureandnxtures
Pulp，PaPerandpaperproducts
Printingandalliedindustries
Chemicalandalliedproducts
Petroleumandcoalproducts
Plasticproducts
Rubberproducts
Leathertannlng，1eatherproductsandfurskins
Ceramic，StOneandclayproducts
Ironandsteel
Non－fbrrousmetalsandproducts
Fabricatedmetalproducts
Generalmachinery
Electricalmachinery，equlPmentandsupplies
TransportationequlPment
Precisioninstrumentsandmachinery
Ordnanceandaccessories
Miscel】aneous
Total
???????????????????? ?
?????????????????
????
?????????????????????????????????? ?????????????????????????
535（41．6）　　53　（9．9）　　45　（8．4）
148（52．7）　　25（16．9）　　23（15．5）
143（38．4）　　28（19．6）　　21（14．7）
92（17．7）　　20（21．7）　19（20．7）
28（18．5）　　3（10．7）　　3（10．7）
78（44．3）　10（12．8）　10（12．8）
78（20．6）　　6　（7．7）　　4　（5．1）
103（13．1）　12（11．7）　　9　（8．7）
699（80．5）　264（37．8）　243（34．8）
35（58．3）　13（37．1）　13（37．1）
278（42．7）　　53（19．1）　　47（16．9）
93（59．2）　15（16．1）　11（11．8）
22（46．8）　　8（36．4）　　8（36．4）
260（41．9）　　51（19．6）　　42（16．2）
99（29．2）　19（19．2）　18（18．2）
123（42．9）　　28（22．8）　　22（17．9）
376（40．4）　　69（18．4）　　59（15．7）
801（51．9）　127（15．9）　109（13．6）
1065（50．7）　224（21．0）　184（17．3）
626（44．1）　129（20．6）　111（17．7）
338（57．9）　　96（28．4）　　91（26．9）
13（76．5）　　5（38．5）　　5（38．5）
248（49．7）　　57（23．0）　　53（21．4）
14070　　　6281（44．6）1315（20．9）1150（18．3）
??????????????????????????????????? ?????????????????????????????????????
（1．9）　　36　（6．7）
（3．4）　10　（6．8）
（7．0）　17（11．9）
（1．1）　　9　（9．8）
（0．0）　　7（25．0）
）?）?）?）?）?? ?????（?（（（（?????????
（1．3）　　5　（6．4）　　3　（3．8）
（2．6）　12（15．4）　　7　（9．0）
（3．9）　11（10．7）　　7　（6．8）
（6．7）　129（18．5）　115（16．5）
（8．6）　　7（20．0）　　6（17．1）
（4．3）　　49（17．6）　　36（12．9）
（4．3）　15（16．1）　　9　（9．7）
（0．0）　　2　（9．1）
（5．8）　　62（23．8）
（1．0）　17（17．2）
（7．3）　18（14．6）
（2．9）　　64（17．0）
（3．9）　117（14．6）
（6．2）　173（16．2）
（5．0）　　87（13．9）
（4．4）　　74（21．9）
（7．7）　　4（30．8）
（6．9）　　25（10．1）
0　（0．0）
42（16．2）
16（16．2）
18（14．6）
44（11．7）
130（16．2）
158（14．8）
104（16．6）
64（18．9）
6（46．2）
40（16．1）
296　（4．7）　950（15．1）　834（13．3）
Note：Inparenthesesare，fbrLRD，thepercentagetothewholesamPle；and，fbrCRD，CRDNCRu，JRD，andTA，thepercentagestothenumberoffmswithpositive〃～D．
AppendixTablC2・MeanR＆DIntensity（In－houseandProcured）byIndustry
AllFirms（n＝14070）　　　　　　　　　　　　　　　　　FirmswithRDD＝1（n＝6648）
〟iβ　　　CRD C尺∂Ⅳ　　C尺DJ　．〃とD m　　　　〟lD C足D C凡DⅣ　　C足DI JRD
Pood
Beverages，tObaccoandfbed
Textilemillproducts
Apparelandothernnishedproducts
Lumberandwoodproducts
Furnitureand丘xtures
Pulp，PaPerandpaperproducts
Printingandalliedindustries
Chemicalanda11iedproduCtS
Petroleumandcoalproducts
Plasticproducts
Rubberproducts
Leathertannlng，1eatherproductsandfurskins
Ceramic，StOneandclayproducts
Ironandsteel
Non－fbrrousmetalsandproducts
FabricatedmetalproduCtS
Generalmachinery
Electricalmachinery，equlPmentandsupplies
TransportationequlPment
PrecisioninstrumentSandmachinery
Ordnanceandaccessories
Miscellaneous
Total
0．267　　0．008
0．351　　0．013
0．412　　0．084
0．119　　0．014
0．063　　0．003
0．253　　0．012
0．168　　0．005
0．067　　0．004
2．995　　0．263
0．873　　0．028
0．571　　0．030
1．209　　0．050
0．703　　0．042
0．561　　0．035
0．219　　0．003
0．490　　0．044
0．428　　0．029
0．911　　0．039
1．275　　0．073
0．721　　0．034
1．713　　0．073
1．969　　0．041
0．819　　0．057
0．823　　0．051
0．005　　0．003
0．006　　0．007
0．035　　0．048
0．012　　0．002
0．003　　0．000
0．012　　0．001
0，001　　0．004
0．002　　0．002
0．221　　0．041
0．025　　0．003
0．018　　0．013
0．023　　0．027
0．042　　0．000
0．024　　0．012
0．002　　0．001
0．034　　0．010
0．013　　0．016
0．019　　0．020
0．047　　0．026
0．021　　0．012
0．051　　0．022
0．027　　0．014
0．042　　0．016
0．035　　0．016
0．002　　0．002
0．001　　0．013
0．004　　0．001
0．001　　0．000
．001　　0．000
0．001　　0．010
0．002　　0．017
0．001　　0．005
0．007　　0．096
0．003　　0．043
0．003　　0．010
0．008　　0．007
0．003　　0．000
0．008　　0．017
0．002　　0．004
0．003　　0．031
0．005　　　0．008
0．005　　0．034
0．004　　0．030
0．002　　0．024
0．008　　0．048
0．001　　0．108
0．003　　0．040
0．004　　0．024
0．619　　0．019
0．653　　0．024
0．996　　0．202
．614　　0．070
．296　　0．015
．564　　0．027
0．748　　0．021
0．461　　0．029
3．640　　0．319
1．218　　0．039
1．256　　0．067
1．957　　0．081
1．501　　0．089
1．195　　0．075
0．694　　0．008
1．050　　0．095
0．988　　0．066
1．654　　0．070
2．394　　0．138
1．560　　0．073
2．748　　0．117
2．575　　0．054
1．513　　0．106
1．742　　0．108
0．011　　0．008
0．012　　0．013
0．086　　0．117
0．060　　0．010
0．015　　0．000
0．026　　0．002
0．005　　0．016
0．016　　0．013
0．269　　0．050
0．035　　0．004
0．039　　0．028
0．037　　0．044
0．089　　0．000
0．050　　0．025
0．004
0．001
0．011
0．008
0．006
0．003
0．008
0．004
0．008
???????????????? ?????????? ???????????
0．004　　0．061
0．007　　0．023
0．013　　　0．012
0．007　　0．000
0．017　　0．036
0．006　　0．002　　0．006　　0．012
0．073　　0．022　　0．006　　0．065
0．030　　0．037　　0．012　　0．019
．035　　0．036　　0．008　　0．061
0．089　　0．049　　0．008　　0．055
0．046　　0．027　　0．003　　0．052
0．082　　0．035　　0．013　　0．076
0．035　　0．019　　0．002　　0．142
0．077　　0．029　　0．006　　0．075
0．074　　0．034　　0．0080．051
?????‖〝?????????????
6648
Note：ThenguresshowthepercentagestosalesofrespectiveR＆Dvariables，eXCePtnWhichisthenumberofnrmswithRDD＞0foreachindustry・
AppendixTablC3．SummaryStatisticsbyIndustry
且D〟ジブ　　　上品4上丘　　　　　Ⅳ　　　　　81F C柑　　　　　PC dPP月0　　　几0耶　　　ダ乙0秒ーブ　　　且PEED
Food
Beverages，tObaccoandfbed
Textilemillproducts
Apparelandother丘nishedproducts
Lumberandwoodproducts
Fumitureandnxtures
Pulp，PaPerandpaperproducts
Printingandalliedindustries
Chemicalandalliedproducts
Petroleumandcoalproducts
Plasticproducts
Rubberproducts
Leathertannlng，leatherproductsandfurskins
Ceramic，StOneandclayproducts
Ironandsteel
Non一缶汀OuSInetals諷dproducts
Fabricatedmetalproducts
Generalmachinery
Electricalmachinery，equlPmentandsupplies
TransportationequlPment
PrecisioninstrumentSandmachinery
OrdnanceandacCeSSOries
Miscellaneous
Total
0．003　　　　　8．266
0．004　　　　9．250
0．004　　　　7．774
0．001　　　　7．581
0．001　　　　8．201
0．003　　　　7．984
0．002　　　　8．293
0．001　　　　8．174
0．030　　　　8．943
0．009　　　10．152
0．006　　　　8．372
0．012　　　　8．347
0．007　　　　7．707
0．006　　　　8．178
0．002　　　　8．758
0．005　　　　　8．514
0．004　　　　8．174
0．009　　　　8．300
0．013　　　　8．569
0．007　　　　8．670
0．017　　　　8．414
0．020　　　10．289
0．008　　　　8．519
0．008　　　　8．407
0．253　　　　0．131
0．198　　　　　0．192
0．334　　　　　0．109
0．311　　　　0．097
0．203　　　　　0．140
0．260　　　　　0．130
0．260　　　　　0．128
0．351　　　　0．079
0．290　　　　　0．177
0．191　　　　0．180
0．264　　　　0．133
0．309　　　　　0．162
0．265　　　　　0．095
0．301　　　　0．171
0．232　　　　　0．087
0．266　　　　　0．122
0．301　　　　0．118
0．314　　　　　0．135
0．307　　　　　0．141
0．297　　　　0．159
0．327　　　　0．228
0．319　　　　　0．324
0．277　　　　　0．216
0．293　　　　　0．143
0．030　　　　0．231　　　　0．242　　　　0．363
0．042　　　　0．238　　　　0．268　　　　0．361
0．043　　　　0．237　　　　0．264　　　　0．334
0．018　　　　0．244　　　　0．413　　　　0．350
0．022　　　　　0．311
0．029　　　　0．165
0．048　　　　0．282
0．049　　　　0．167
0．059　　　　0．305
0．050　　　　0．383
0．049　　　　0．338
0．042　　　　0．306
0．012　　　　0．234
0．050　　　　0．276
0．037　　　　0．289
0．055　　　　0．380
0．044　　　　0．215
0．045　　　　0．224
0．046　　　　0．406
0．048　　　　0．280
0．045　　　　0．301
0．050　　　　0．176
0．037　　　　0．242
0．044　　　　0．280
0．420　　　　　0．351
0．420　　　　　0．351
0．206　　　　　0．372
0．258　　　　　0．400
0．441　　　　0．456
0．370　　　　　0．407
0．331　　　　0．279
0．334　　　　　0．272
0．414　　　　　0．348
0．284　　　　　0．430
0．265　　　　0．408
0．297　　　　　0．368
0．341　　　　0．394
0．348　　　　　0．430
0．319　　　　0．373
0．317　　　　　0．359
0．347
0．369
0．383
0．322
??????????????????????????????
0．341　　　　2．878
0．348　　　　　2．927
0．453　　　　　2．881
0．394　　　　　3．207
0．391　　　　3．222
0．391　　　　3．220
0．482　　　　　2．904
0．623　　　　　3．094
0．454　　　　　2．906
0．417　　　　　2．469
0．497　　　　　2．895
0．499　　　　　2．886
0．396　　　　　3．195
0．433　　　　　2．708
0．477　　　　　2．404
0．387　　　　　3．026
0．544　　　　　3．206
0．492　　　　　3．125
0．455　　　　　3．360
0．508　　　　　3．122
0．454　　　　　3．120
0．466　　　　　3．129
0．427　　　　　3．182
0．463　　　　　3．064
Notes：No．ofobservations＝14070．
（Preliminary）
R＆Dandmarketvalue：appropriabilityvs．preemptionl
SadaoNagaoka．
InstituteofInnovationResearch，HitotsubashiUniversity
Januaユγ2004
Summary
TherecentempiricalstudiesoninnovationandmarketvaluesuggestthatR＆Dhas
a strong complementaritywithmarket shareinthe market valuation of丘rms．
Blunden，GrifBthand Reenen（1999）arguethatit representsthe strategic
preemptiveefEbct，WhileHallandVopel（1997）suggestaSclmmpeterianreason（the
costoffinanCingR＆Dislowerforlarge丘rms）．ThetheoretiCalframeworkofthese
studiesistheclassicalworkbyGri1iches（1981），Whichpostulatesthatthemarket
Valueofa丘rmisglVenbythesumofthevaluesofphysicalcapitalandR＆Dcapital
withrespectivemultipliers．However；nOnrrivalrylnuSmgneWknowledgewithina
丘rm makesthisframeworkhighlyquestiondble．Thispaperexaminesthenexus
between R＆D and market value，based on a struCturalmodel addressing this
problem．Major丘ndingsarethefollowmg．First，aStruCturalmodelshowsthatthe
marketevaluationofR＆Dmaywellbehighfora丘rmwithalargemarketshare，
Simplyduetoitsappropriabilityadvantage．Second，OureSti皿ationbasedonthe
dataoftheJapanesenrmsshowsthatthenewspecificationdoesbetter．Third，it
Showsthatthereisnostatisticalsupportfortheprevalenceofpreemptione飴ct．
Keywords：R＆D；marketvaluation；appropriability；preemption
JELclassincation：LlO，032
1Iwouldliketothankfbrtheconmentsbytheparticipant．Sintheconfbrenceon“enterpnse
reformanditsperformance”atHitotsubashiUmiversityandintheseminaratDevelopment
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I．Introduction
TherecentempiricalstudiesonR＆D andmarketvalue suggestthatR＆Dhasa
strongcomplementaritywithmarketshareinthestockmarketvaluationofnrmsi．
Morespeci丘Cal1y，Whilea丘rmwithalargemarketsharetendstoenjoyhighmarket
valuationofbothtangibleandR＆Dinvestments，SuCheffbctlookstobeespecially
StrOngforR＆Dinvestment．Suchrelationshipwas丘rstpointedoutbyBlundell，
Gri瓜thandReenen（1999）basedontheirstudyofBritishmanu血cturing丘rmsfor
thetimeperiodof1972－1982．Theyfoundthat，theinteractiontermbetweenmarket
ShareandR＆DvariablehadasigniLicantlypositivecoefficientinexplaimingthe
market value ofa丘rm，eVen COntrOlling the efEbcts ofmarket share and R＆D
individually．Hal1andVopel（1997）con丘rmed suchrelationship，basedontheir
StudyofUS伍rmsforthetimeperiodform1987－1991，althoughTbivane，Stoneman
andBosworth（2002）didnot丘nditfromthemorerecent（1989－1995）dataofUK
丘rms．Blundell，Gri皿thand Reenen（1999）arguethattheir丘nding thatthe
marginalreturnofR＆Dishighfora丘rmwithlargemarketsharerepresentsthe
strategicpreemptioneffbctore瓜ciencye飴ct（GilbertandNewbery（1982））．Hall
andVopel（1997）suggestaschumpeterianreason（thecostof丘nanCingR＆Dis
lowerforlargefirms），giventheir丘ndingthatthemarginalretumofR＆Ddepends
moreonfirmsizethanOnmarketshareii．
These studies，however，may havethefollowingfundamentalproblem．
Theirestimationisbasedonthemodelofmarketvaluedetermination，Whichtreats
R＆Dinvestmentinthesamemannerasordinarymvestment．lmpartiCular；they
are based onthe classicalworkby Griliches（1981），Which postulates thatthe
marketvalueofafirmisglVenbythesumofthevaluesofphysicalcapitalandR＆D
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CaPital　with　respective multipliers．However；knowledge created by R＆D
investmenthasaumqueCharacteriStiCthattheexpansionoftheuseofknowledge
Within　a　丘rm costs nothing，un1ike　investment　in　plant　and equpment．
Consequently，thelinearhomogeneityassumptionofthepro丘tfunctionwhichisan
essentialassumptionoftheconceptofthecapitalaggregate（HayashiandInoue
（1991））doesnothold，Whenthecapitalofa丘rmconsistsofbothknowledgeand
Ordinarycapital．Thus，theabovemarketpowerinterpretationsoftheR＆D，market
powerandmarketvaluenexusmaydependonawrongunderlyingmodel．
ThispaperattemptstoinvestigatethisnexusbydevelopingastruCtural
modelofmarketvaluedeterminationaswellasbyprovidingnewestimat．esbased
Onthatmodel．First，itpresentsasimplestruCturalmodel，Whichexplicitlytakes
intoaccountthenon－rivalryinusingknowledgewithina丘rm．Themodelshows
thatthestocknarketevaluationofR＆Dcanbehighforafirmwithalargemarket
Share，Simplyduetoitsappropriabilityadvantage．Second，itesti皿ateSthemodel
explainingthemarketvalueofa丘rm，basedonbothconventionalspeci丘cationdue
toGri1iches（1981）andonthenewspecification，uSingthedataoftheJapanese
丘rms（1991－2000）．It showsthatthe new specification does betterthan the
COnVentionaloneinexplainingthemarketvalueofafirm．Whileitconfirmsthat
therelationshipasidentifiedbyBlundell，GriffithandVinReenen（1999）holdsfor
theJapaneSeindustry，italso showsthattheinteract．ion termbetween market
shareandR＆Dhasasmallercoefficientforthesub－Sampleofthenrnswithlargest
marketshares．Third，WeeValuatetheefEbctofinteract．iontermbetweenmarket
shareandR＆D，basedonthe“true”mOdelofmarketvaluedeternination，and丘nds
thata丘rmwith1argermarketsharehasactuallyalowerretumfr0mR＆D．
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The rest ofthe paperis organizedinthefollowing manner．SectionII
PreSentSananalyticalframework．SectionIIIdiscussesempiricalspecificationand
dataandsectionIVpresentstheestimationresults anddiscussthem．SectionV
concludes．
II．Analyticalframewo止
First，letusdescribetheconventionalspecification，theoriginofwhichisGriliches
（1981）．Tilemarketvalu．eofa丘misgivenbythefollowingspeci丘cation．
F＝β（∬＋AK）　　　　　　　　　　　　（1）
WhereKisthevalueoftangiblecapitalstock，Histhevalueofintangiblecapital
stock，Ais the relative shadow price ofintangible asset，andOrepresentsthe
divergencebetweenthe marketvalueofa丘rmandthesumofitstangibleand
intangiblecapitalstocks．O reflectsboththemonopolypositionofa丘rmandthe
riskitfhces．De丘ningTbbin’sqasthemarketvaluerelativetothetangiblecapital
sbck（ヴ＝r／∬），
ヴ＝β（1＋AK／g） （2）
1hkiIlgthelogarithmsofbothsides，andassumingthat ALK’／Kissigni丘Cantlyless
thanl，Wehave
lnヴ＝ln（F／Ⅹ）≡lnβ十力K／∬ （3）
Inthisframeworka丘rmwithhighmarketpowercangeneratemOreprO丘t
frombotht．angibleandintangiblecapitalstocks．Reflectingthis，empiriCalstudies
postulatethatmarketshareappearsasonedeterminantofthedeterminantsofO
（see，foraneXample，Jaffb（1986），Blundell，Gri伍thandVanReenen（1999）and
Tbivane，StonemanandBosworth（2002））．IfafirmcangenerateprO丘tfromits
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int，angiblecapitalst，OCkontopofthisefEbct，themarketsharewouldalsoincreaseノ1．
Blundell，Gri瓜thandVanReenen（1999）丘ndsevidenceconsistentwiththis，and
argue　thatis supports　the preemptive motivation of R＆D，glVen that the
appropriabilityadvantageOfafirmwithmarketpowerisbeingcontrolledthrough
itsefEbcton O．
Asanalternative to the above specification，We COnSiderthefo11owlng
StruCturalmodel，WhichexplicitlytakesintoaccounttheefEbctofR＆Dinvestment
di飴rentfromthatofinvestmentinplantandequpment．Weconsideratwo－Period
modelforsimplicitylBothtangibleandintangibleinvestmentsaremadeinthe丘rst
periodandoutputisproducedinthesecondperiod．crepresentsconstantmarginal
Capitalcostofproduction，Pisthemarketprice（netofmaterial，utilityandlabor
costs），yistheoutput，Kistangiblecapitalstockattheendofthefirstperiod
（investmentinthe丘rstperiod），Wistheintangiblecapitalstockattheendofthe
丘rstperiod（investmentinthe丘rstperiod），7Tisthepro丘tinthesecondperiod，V
isthemarketvalueofthe丘rmattheendofthe丘rstperiod．Thetangiblecapital
StOCkKattheendofthe丘rstperiodisglVenby
パ＝C：ダ （4）．
Assummgthatinterestrateiszeroforsimplicity；Wehave
n＝（p－C）γ一腹＝乃ノー足一丑　　　　　　　（5）
r＝〝＝∬＋K＋n　　　　　　　　　　　　（6）．
Tbbin’Sqinthisspeci丘cationisglVenby
ヴ＝F／足＝劇ノ／α＝ク／C （7）
CStandsfortheunitcostofproduction，WhichdoesnotincludeR＆Dortheother
intangiblecosts．Thepricecostmarginofa丘rm㈲tendstoincreasewithitsR＆D
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investment，Since such丘rm canWinmoreininnovationraces，andit canhave
higher qualityandJorlower cost of production（seethe Appendixfor more
elaborations）．TakingintoaccountsofthediminishingreturnOfsuchinvestmentas
well aSthe negative efEbct of more supply on prlCe，We havethefo1lowing
SPeCi丘cationofTbbin’sqofthefirm：
ヴ＝1＋（p－C）／C＝1＋β。＋β1Ⅸ－1／2β2（丑）2－β3g（8）．
WeabsofbtheefEbctsofinvestmentsbycompetitorsbyconstantterm．Weexpect
that月＞0，A＞0and A＞0．Herewehaveanimplicitassumptionthatthe丘rm
appropriatesthe returnfromitsintangibleinvestment onlyfrom uslngthe
knowledgetbritsproduction．Combiningequations（7）and（8），Wehave
F＝勘1＋β。＋A丑－1／2β2（Ⅸ）2－A甘） （9）
AlthoughKandWarejointlydeterminedtomaximize巧Kispartiallyexogenous，
reflecting such non－R＆D fhctors as cost ofacqumngKandlocationorresource
basedadvantagesinproduction．
ThereisanimportantdifEbrencebetweenequations（2）and（8）brbetween
equations（1）and（9））．Whatmattesinthedeterminationofqistheratiobetween
intangiblecapitalstockandtangiblecapitalstockinthespeci丘cation（2），Whileitis
theabsolutelevelofintangiblecapitalstockaccordingto（8）．TbputitinanOther
Way；What mattersinthe determination ofthe market value ofthe丘rmis t，he
intangiblecapitalstockaccordingtothespecification（1），butitistheproductof
tangibleandintangiblecapitalstocksinspecification（9）．ThedifEbrencearisesdue
tothefo110wing reason．h our specification，theintangible capit．alstock or
knowledgea蝕ctspncecostmargln，SOthatit．se鮎ctonmarketvaluedependson
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thesizeofproductionorthetangiblecapitalstockofafirm．Thus，alargefirmhas
anappropriabilityadvantage．Ontheotherhand，intangiblecapitalstockistreated
asanadditiontotangiblecapitalstockintheGrilichesspecification，reflectingits
basisonaaccountingformula，SOthattheaboveinteractionislost．
Specification（8）（or（9））providesastraightforwardexplanationwhythe
StOCkmarketevaluationofR＆Disfoundtobehighwhena丘rmhasalargemarket
Share．Thisisbasedontheappropriabilityadvantageofsuch丘rm：the丘rmwith
largetangiblecapitalstock（thus，afirmwithalargemarketshareinanindustry）
CanmOree胝ctivelytranslatetheknowledgecreatedbyintangiblecapitalstockin
the pro丘t，althoughwe have to notethattheleveloftangible capitalstockis
endogenoustOintangibleinvestment．Ti1us，itisunnecessaryforustoresorttothe
preemptivemotivationofa丘rmforexplainingthelargere飴ctofR＆Dinvestment
Ofthefirmwithalargermarketshare．
Inthelongrunequilibriumthepro丘twillbedissipatedthoughcompetition
（hvestmentandentry）．Ifsuchdissipationisperfect，Priceisequaltoaveragecostik．
Assumingthis，thelongrunTbbin’q（qLR）isgivenby
ヴⅠ月＝F／足＝1＋Ⅸ／∬ （10）
Thus，Whatdeterminesqinthelongruninthiscaseistheratiobetweenintangible
capitalandtangiblecapital．Equation（10）isidenticaltoEquation（3）whenboth＾
and Oareunity．Thus，ifthislongrunrelationshipalsoprevails，therqjectionof
equation（3）infhvorofequation（8）wouldbeconedifficult．However，ifwefocuson
Short－runChangeS OVertime such aswithin一丘nn variationinafewyearstime
intez・Val，equation（3）or（8）would stinhold while equation（10）wouldbeless
binding．TiluS，panelesti皿ationwith丘XedefEbctswouldhelpustoidentifyequation
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（3）andequation（8）．Ontheotherhand，CrOSSSeCtionestimationmayprovidebiased
supporttoequation（3），Sincemissingvariablessuchasmanagementcapabilitymay
bemorecorrelatedwiththerelativeR＆Dinvestmentthanwiththeabsolutelevelof
R＆D．
III．EmpiriCalspecificationanddata
Inthissection，丘rst，WeeValuatewhichofthemodels（equation（3）andequation（8））
betterexplainthemarketvalueofafirm．Second，WeeStimatethemodelbasedon
the conventionalspeci丘cation by classifyingthe sampleinto three sub－Samples
accordingtomarketshares．Sincethepreemptionmotivationwouldbeimportant
onlyfora丘rmwithmarketpower；theinteractiontermbetweenmarketshareand
R＆Dvariablewouldbemoresignincantforthesub－SamPleofthe丘rmswiththe
largestmarketshareSifitindicatespreemptione晩ct．Third，giventhesupportto
thenewspeciLication，Weinvestigatewhetherafirmwithalargermarketshare
earnSInOrefromR＆Dinvestment，uSingthisspecification．
3．1Hypothesisandspecifications
The conventionalspecincationoftheTbbin’q（q，，，＝V（KI，′，叫，′）／耳，′）basedon
equation（3）usesthelogarithmofthevalueoftangibleassets（ln耳，，），theratio
betweenintangibleassetandtangibleasset（（LK／K），，［），andthe丘rms’marketshare
（噂，，）asindependentvariables：
1明り＝（α－1）ln耳，′＋卵喝ノ＋A（・Ⅸ／のり＋〟，＋与，′ （11）
qisaparameterindicatingthescaleeconomyofproduction（ifthereiseconomyof
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scaleinproduction，O eXCeeds one）．The market shareis used to measurethe
pro丘tability ofthe assets due tothe existence of market power・u，isthe
unObseⅣedfirm－1evel丘Ⅹede飴ctandthe g；，Eistheerrorterm・Wegeneralizethis
speci丘cation，SOthatitcancovertheequation（8）aswe11．
1明り＝（α－1）ln軋＋卵喝，′＋A（丑／のり＋A堆，ド1／2A（塔，′）2＋叫＋年，′　（12）
Weabsofbthelasttermofequation（8）bythe丘rsttermofthisequation，SOthat o
inthis specification reflects botheconomy ofscaleinproductionand demand
elasticity．Ifthecorrectmodelisequation（8）ratherthanequation（3），WeWOuld丘nd
that Aisinsignincant While Ais signi丘Cant・Ifthe reverseisthe case，
speci丘cation（3）issupported．
WealsoestimatethefollowmgmodelwhichisusedbyBlundeu，Griffith
andReenen（1999）toevaluatetheGilbertandNewberyhypothesis．
lnダリ＝（J－1）ln耳ノ＋卵吼＋A（Ⅸ／のり＋A（Aお＊Ⅸ／のり＋巧＋qJ
Weallow A tovaryacrossthesub－SamPleswithdi餓∋rentlevelofmarketshares
Sincethepreemptive motive wouldbeimportantforthe丘rms withsigni丘Cant
marketpower；WeWOuld丘ndthat Aissignificantlylargerforthesub－Sampleof
the丘rmswith1argestmarketshares，aSSummgthatthemodelasrepresentedin
equation（3）iscorrect．Finally，aSSumingthatequation（8）isacorrectmodel，We
estimatethefo110wingmodeltoinvestigatewhetherthefirmwith1argermarket
shareinfhcteamSmOrefromR＆D：
1明り＝（α－1）1叫ノ＋月明′＋A堵ノー1／2A（堰，′）2＋A（Aお＊叫り＋叫＋弓，‘
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Inparticular；ifthepreemptionmotivationissigniLicantandisrealized，WeWOuld
丘ndthat AispositiveandsignifiCant．
In estimatingthese equations，We uSe丘Ked efEbctestimation，Sinceitis
Verylikelythattheerrortermqispositivelycorrelatedwithindependentvariables
（The丘rmwithhighmanagementcapabilitywouldbeabletoundertakemoreR＆D
investment，foranexample）．Inaddition，Weintroduceyearlydummiesaswellas
industrybyyeardummiestocontrolthee恥ctsofmacroeconomicorindustry－Wide
ChangeSOnthestockmarketprice．
3．2Data
We have three matched data sources．The data on thefinancial structure ofthe
丘rms are　from the NEEDS database（Nikkei Electromic Economic Database
Systems）which uses mainlythe annual丘nanCialreports by the firms to the
丘nanCial regulatory authority ofJapan．Information on R＆Dinvestment and
advertisementaswellasthesalesofafirmbysegmentsarefromtheBasicSurVey
of Business Structure　and Activity（Kigyoukatsudou－kihonn－Chousa）by the
MimiStryofEconomy，TradeandIndustry；Whichcoverextensivelymanu血cttming
SeCtOranddistributionsector，butalsoot，hersectorstoaverylimitedextent．Since
theavailableSurveySWereOnlythoseconductedin1991FY1994FYandeveryyear
thereafterupto2000FY；weusefourdatapoints（1991，1994，1997and2000伝scal
years）．TheinformationonmarketvalueofafirmisfromtheWorldscopedatabase．
Ti1et，imingofstockma止etinbrmationischosensothatthe stockmarketfully
assimilatesthe丘nanCialandbusinessinformationofa particularfiscalyear．In
particulaちthemarketvalueofa丘rmasoftheendofthenextcalendaryear（mOStly
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9monthsaftertheclosureofthe丘scalyear）ischosentocorrespondtothe丘nanCial
statusandbusinessactivitiesofthefirmofthe丘scalyearwhichmostlyendonthe
March318t（e．g．Themarketvalueasoftheendof2001Correspondsto丘nancial
statusasoftheendontheMarch31st2001andthebusinessactivitiesofthe2000
丘scalyearendingontheMarch318t2001）．
（1）Ⅶlueoftangibleasset（K；，1）：Weusethetotalassetofa丘rmiv・Sincemostfirms
donotcapitalizeR＆Dandadvertisingexpenditures，theseexpendituresandthe
totalassetaremutuallyexclusivecontributionstothemarketvalueofa丘rmin
mostcases．Sinceweusethebookvaluesforthetotalassetandthedebtofa丘rm
duetoourdataconstraintv，WeintroducethestruCtureOftheassetstocontrolthe
variationofthedivergencesbetweenthebookvalueandthemarketvalueacross
di飴renttypesofassets．
（2）Marketvalueof鮎mandTbbin’sq（MTT，and q，，，）：Themarketvalueofafirmis
de丘nedasthesumofthetotalmarketcapitalizationofa丘rmasoftheendofthe
Calendaryearandthebookvalueofitsdebt．
（3）StruCtureOfthetotalassets：Thevariablesweuseforcontrollingthedivergence
between　the book value　and　the market value are the current asset ratio
（ca，，FCu∬ent aSSet／total　asset），the proportion ofthe　丘nancial　investments
（itl閥，，FfinanCialinvestments！totalassets），theproportionofland（hDdiFland／total
assets），and debt asset ratio（（ねbtasse扇．Sincethe value ofland dropped
signincantlyinJapanin1990S，theproportionoflandinthetotalassetsisexpected
toa飴ctthemarketvalueofa丘rⅡlSigni丘cant．lyl
（4）Intangibleinvestments（1K，，）：Wedistinguishtwotypesofintangiblecapital‥
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R＆D（zdlbandadvertisement（ad均カ．R＆Dofa伍rmisthesumoftheinvestment
internallyimplementedandthatoutsourced．Sincethelengthofdataavailable丘〉r
thisstudyislimited，WeuSeflowvalueofR＆Dinsteadofstockvalue．Thepast
studiesbyHall（1993a，1997）suggestthatthesetwomeasuresdonothavemuch
difEbrenceinexplainingthemarketvalueofa丘rm（theflowvalue oftenhasa
higherexplanatorypower）．
（6）Mafketshare（MS，，）：Thema止etisde蝕ledatthree－digitindustrylevel（59
industriesfor manufhcturing sector and152industriesfor allsectors）and the
market share ofa丘rmis de丘ned asthe ratio betweenthe sales（domestic and
exportsales）ofeachfirmandthesumofthesalesofal1firnscoveredbytheBasic
SurveyofBusinessStructureandActivityこAlthoughtheBasicSurveylSCOmPulsory；
itneithercoverssnall蝕msnori皿pOrtS・However，Sinceweintroduceindustryby
yeardummiesasindependentvariablesandusefirm－1evelfiⅩede鮎ctestimation，
WeCanmOStlyavDidbiasesduetotheincompletecoverageofthesurveyこ　Whena
丘rznoperatesinmorethanoneindustry，WeuSeaWeightedaverageofitsmarket
ShareS，withitssalesineachindustrysegmentasaweight．
Our sampleisanthbalanCedpanel，COnSistingof2，367丘rms，withlO2
industryaffiliationsintotalandcoveringfouryearswiththreeyearinterval．1，353
firms belong tothe manufhctiuing sectoちwith57industry aLmiations．The
SumnaryStatiSticsareprovidedinTd）1el．
（Tablel）
IVEsti皿ationresults
Thble2showsfourestimationresultsbasedonequation（12）．Estimationlinthe
ThbleshowsthattheR＆DinvestmentaSWellasitssquareishighlysigni丘cant
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whiletheR＆Dinvestmentrelativetothetotalasset（relativeR＆Dinvestment）is
insignificant．Thus，theestimationresultsstronglysupportequation（8）andrejects
equation（3）．Thesignincantlynegativecoe瓜cientoftheR＆Dinvestmentsquared
suggestsadiminishingretumonR＆Dinvestmentwithina丘rmforaglVentime
period・AdvertisementinvestmentvariablesdonothavesignificantCOefficients・The
coe瓜cientofthetangiblecapitalisnegativeandsignificant，althoughitisrelatively
small（－0．1）．Itmayreflectdiseconomyofscaleinproductionsandbrthenegative
responseofpricetotheexpanSionofsupply．
（Table2）
Estimation2and3are robustness checks．Estimation2hasthe sample
restrictedtothemanufhcturingsector；andEstimation3hasthesamplerestricted
tothosefirmswhichdidR＆Dforallfouryears．Theestimationresultsarehighly
consistentwith Estimationl．Ti1e absolutelevel of R＆Dinvestmentis highly
signi丘cant，Whileitsrelativelevelisnosignificant．TherearetWOdi胝rences・One
ishighersigmifiCanCeOftheadvertiSinginvestmentrelativetothetotalasset・In
theseestimations，therelativeadvertisementexpenditure，ratherthanitsabsolute
level，matterSunlikethecaseofR＆Dinvestment．Theseconddiffbrenceisthatthe
coefficient ofthe tangible capitalis positive and signiLicantforthe consistent
performers ofR＆D（Estimation3）．Finally；Estimation4showsthe results of
randome飴ctesti皿ation．WeaddedthelogarithmoffirmageasanOthercontroI
varidble ofthe丘rm heterogeneity．Inthis estimation boththe absolute and
relativelevelsofR＆Dinvestmentarehigh1ysignificant．The signi丘CanCeOfthe
relativeR＆Dinvestment，however，isverylikelytobecausedbythecorrelation
betweenmisslngVariablesandtherelativeR＆Dinvestment・
13
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LetusturntOtheestimationresultsbasedonspecifications（13）and（14）
（seeTable3）．Estimation5confirmsthattherelationshipasidenti丘edbyBlundell，
GriffithandVanReenen（1999）holdsfortheJapaneseindustry．Theinteraction
term of market share and R＆Dinvestment has a highly signi丘Cantly positive
coefficient．Thus，ifequation（3）isatruemodel，thisresultshowsthatafirmwith
largermarketshare galnSmOrefromR＆Dinvestment，Whichis consistentwith
efficiency e鮎ct．However，the next estimation（Estimation6）showsthatthe
COefficientoftheinteractiontermisthesmallestforthesub－SamPleofthe丘rms
WiththetoplO％丘rmsintermsofmarketshares．Thus，theaboveinterpretationis
ClearlymlSguidedbythewrongspeci丘cationofthemodel．Thepositivecoefficientof
theinteraction term as observedinEstimation5Canbe explained easily by
equation（8）．Sincemarketshareislikelytobenearlyproportionaltothelevelof
tangiblecapitalofafirmforaglVenindustry；Wehavethefo110wlngrelationship：
朋㌘Ⅸ／足㌶αだ＊丑／足＝誰　　　　　　　　　　　　　　　　（15）
Thisisnothingbutthethirdtermofequation（8）．Thatis，theinteractiontermis
VerylikelytohavesimplypickeduptheefEbctofR＆Dinvestmentonthepricecost
margin・Thelowercoefficientoftheinteractiontermforthefirmswiththelargest
marketpowermayreflectthediminishingreturnofR＆Dinvestment．
（Table3）
ThereisaremammgquestionofwhetherthepreemptionefEbctholdsinthe
“true”model．Estimation70fEbrsananSWer．Accordingtotheestimationbasedon
the“true”model of market value determination，theinteraction term between
marketslmreandR＆Dhasanegativelysignificantcoe瓜cient．That，is，a丘rmwith
largermarketsharehasactual1yalowerretu∫nfr0mR＆D．TiluS，thest．atistical
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evidencefrommarketvalueandR＆Dinvestmentdoesnotprovidesupportatallto
theviewthatstrategicpreemptivemotivationisprevalentandsuccessfu1．
V Conclusion
Thispapermayhavethefollowingtwocontributions．First，Wehave derivedthe
explicitpredictionsofastruCturalmodelofmarketvaluedetermination（althougha
verysimpleone）ontherelationshipbetweenR＆Dinvestmentandmarketvalue．
Thislms hopefu11y clarinedthe pitfhllintreatingthe accounting de丘nitional
relationshipasastruCturalequation．Second，WehavetestedtheempiriCalvalidity
OfsuchstruCturalmodel。OnemaJOrimplicationsofthisempiriCalexerciseisthat
thestatisticalevidenceisagainsttheprevalenceofpreemptione飴ct．
Thereareanumberofresearchissuestobepursued．Oneistounderstand
the di鮎rencebetweenR＆Dandadvertisementinvestments．Thispapershowed
that R＆D　follows pretty much　the struCtural　model presented，While　the
advertisement　investment does not．Moreover；the relative advertisement
investmentratherthantheabsoluteinvestmentissigmi丘Cant，llnlikethecaseof
R＆D，forthe sample where advertisementinvestmentis signiLicant，．This may
indicatethatadvertisementinvestmentismoretodowithdeliveryofknowledgeor
information to consumers thantO dowith their creation．The secondissueis to
exploretheinterindustry difEbrences ofthe relationship betweenintangible
investmentsandmarketvalue，givenadi月brentappropriabilityconditionsforan
example‥
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Appendix PricecostmarglnandR＆D
ThisappendixillustratesthethreeimportantChannelsbywhichR＆Dincreasesthe
pncecostmarginofa丘rm．ThefirstimportantChannelishighprobabilityofa丘rm
With1argeR＆DtowinthepatentraceandtoacqulreaPatentWithalargescope．
Thewinnerofthepatentraceisprotectedfromcompetition，SOthatitcansethigh
pnce．Competitionismorerestrictedwhenthe丘rmhasobtainedapatentwitha
large scope．Evenifpatentprotectionis not granted，a nrm mOving quicklyin
innovationracecankeepmarketpowerforalongerperiod．Thus，R＆Dinvestment
enhanCeStheprobabilityofwinningtheimovationraceandtheamountOfreward
whenitwinS．
Thesecondandthirdchannelsarequalityadvantageandcostadvantagein
COmpetition．Let，uSaSSumethatfirmAcanproduceagoodwit，hqualityzinterms
OfconsumerssurPlusformarginalcost（ちWhileitscompetitorproducesagoodwith
qualityz＊forcostci：Bertrandcompetitionbetweenthetwofirmsforcesthemtoset
thepncespandp＊int，hefollowingmanner：
Z‾ク＝Z　‾ク （a．1）
Ifweassumethat丘rmAhascompetitiveadvantage，itscompetitorisforcedtoset
itspriceatitscost（p’＝C’）．Thus，thefirmAhasthefollowingpricecostmargin：
（クーC）／C＝（（2－2つ＋バーC））／C　　　　　　（a．2）
This clearly showsthat a丘rm whichimprovesthe qualityofits product（Z）or
reducesitscost（∂byR＆Dinvestmenthashigherpricecostmargin．
Tileaboveresultsonqualityandcostadvant．agesholdfortheotherInOdels
Of competition．Let us consider cost advantageinquant，ity competitionwith
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homogeneous goods（i．e CournOt COmPetition）．Ifwe assume constant elasticity
demandcurve，itiswell－kn0wnthattheprlCeCOStmarginof丘rmjlSglVenby
（クーCJ）／ク＝∫ノ／ど，　　　　　　　　　　　　（a・3）
Where sisthepnceelasticityofmarketdemand．Sincea丘rmwithlowermarginal
COStOfproductionhas ahighermarketshare，ithas tohave alargerpncecost
margin．Thus，COSt－reducingR＆Dinvestmentincreasespncecostmargin．Inthe
CaSeOfalineardemand，thepncemarginalcostmargmlSglVenby
（クーCノ）／ク＝ト（Ⅳ＋1）Cノ／〈1＋∑Cた），　　　　（a・4）
where1－Pis the market demandand Nisthe totalnumber offirms．Itis
immediatelyclearthata丘rmwithlowercosthashigherpncecostmargln．
LetusturntOthecaseofpricecompetitionwithdi飴rentiatedproduct．S．
Higherqualityoftheproducto恥redbyfirmAmakesitsreactioncurveShiftoutin
the diagram ofprice competition，Since t，hewilhlgneSS tO pay Ofits consumers
increases．Theoppositethingwi11happentothecompetitoroffirmA．Sincethefirst
e飴ctislikelytobe moreimportant，thefirmwhichis successfu1ininprovlng
qualitybyR＆DcaninCreaseitspnce，SOthatitspricecostmarglnlnCreaSeS．
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iSeeHal1（1999）foracomprehensivereviewoftheliteratureontheapproachesto
uslng market value to assessinnovation performance．There are a number of
advantagestousemarketvalueastheperformancemeasureofR＆D．First，itreflects
theassessmentofthefutureimpactofpastandcurrentR＆D，unlikeaccountingprofit．
Second，itreflectstheassessmentofthenrmbythethirdparties，Whiletheaccounting
PrO丘tcanbeadjustedbasedontheviewofthemanagement（seeFisherandMcGowan
（1983）fortheproblemsofaccountingpro丘t）．
iiSchumpeter（1942）pointedoutanumberofpotentialadvantagesofalarge丘rmora
伍rmwithalargemarketshareininnovation．Lowcostof丘nancmg，includingitsabⅡity
to poolrisk，is one ofthem．In addition，SuChfirJn may have higher ability to
appropriatethebene丘tofR＆D．Itmayalsoadvantageduetoeconomyofscaleorscope
ofR＆D．
iiiGenerally thelongrun prO丘t would depend on entry barriers，althoughSalinger
（1984）丘ndsnosignincantsupporttotheexistenceofsuchlongrunentrybamiers．
iv Thetotalassetofa丘rmcovers丘nancialinvestmentssuchasequityinvestmentsand
thevalueofintellectualpropertyrightspurChaSed．
▼Hal1（1993a，b）andBlundelletal．（1999）reportthatthereisnosignincantdi飴rence
duetothedi晩rencebetweenthebookvalueandconstructedvalue．
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TabIelSummarystatistics（Obs6966）
Variable Mean Std．Dev．q lnasset mS rd rda adv adva age Ca inva Iand debtasset
q 1．215 0．917 1
Inasset 10．742 1．346 0．022 1
mS 0．013 0．030 0．045 0．506 1
rd 0．004 0．023 0．052 0．392 0．323 1
rda 0．017 0．024 0．069 0．204 0．079 0．372 1
adv 0．001 0．005 0．070 0．4‾63 0．385 0．606 0．173 1
adva 0．010 0．022 0．050 0．022 0．032 －0．001 －0．042 0．335 1
age 51．147 14．210 －0．098 0．252 0．125 0．093 0．115 0．072 －0．135 1
Ca 0．560 0．162 0．021 ⊥0．089 －0．106 －0．047 0．053 －0．124 －0．121 0．006 1
inva 0．156 0．105 0．005 0．281 0．151 0．151 0．018 0．229 0．167 0．014 －0．486 1
and 0．091 0．077 －0．071 －0．185 －0．081 －0．099 －0．208 胃0．035 0．095 －0．194 胃0．516 －0．064 1
debtasset 0．560 0．204 0．004 0．071 0．033 －0．012 －0．122 －0．040 －0．106 0．177 0．039 －0．097 －0．0374 1
Table2　Estimaionresults（1）
Estimationl：Fixed－effectsregression
Estimation2：Fixed－effectsregressionfor Estimation3：Fixed－efFectsregressionfor Estimation4：Random－effects
manufacturingfirms consitentlyR＆D performingfirms regression
nq Coef． Std．Err． nq Coef． Std．Err， nCl Coef． Std．Err． nq Coef． Std．Err．
nasset －0．099 0．016 ＊＊＊ nasset 0．036 0．023 nasset 0．060 0．027 ＊＊ nasset 0．000 0．006
mS －0．074 0．240 mS 0．486 0．391 mS －0．176 0．303 mS 0．249 0．197
rda －0．190 0．321 rda 0．270 0．338 rda －0．292 0．410 rda 0．751 0．249 ＊＊＊
rd 5．516 1．037 ＊＊＊ rd 4．545 1．040 ＊＊＊ rd 6．910 1．499 ＊＊＊ rd 3．159 0．747 ＊＊＊
rd2 －7．637 2．592 ＊＊＊ rd2 －5．567 2．578 ＊＊ rd2 －6．215 3．194 ＊ rd2 －5．718 2．078 ＊＊＊
adva －0．033 0．467 adva 2．742 0．705 ＊＊＊ adva 1．674 0．905 ＊ adva 0．868 0．284 ＊＊＊
adv 5．895 4．141 adv －7．357 5．102 adv －8．660 8，171 adv 1．722 2．613
adv2 －13．552 46．256 adv2 70．286 50．482 adv2 180．504 117．515 adv2 37．925 35．483
nage －0．113 0．016 ＊＊＊
1994 －0．167 0091 ＊ 1994 －0．095 0．281 1994 －0．247 0．295 1994 －0．187 0．091 ＊＊
1997 －0．356 0．088 ＊＊＊ 1997 －1．153 0．366 ＊＊＊ 1997 －0．923 0．279 ＊＊＊ 1997 －0．360 0．086 ＊＊＊
2000 －1．119 0．291 ＊＊＊ 2000 －0．131 0．251 2000 －0．746 0．389 ＊ 2000 －0．583 0．344 ＊
FinanciaI
StrUCture
Yes
Financはl
StruCture
Yes Financial
StruCture
Yes
Financial
StruCture
Yes
Industry
dummies
Tndustry
dummies
Industry
dummies
lndustry
dummies
Yes
Industryby
yeardummies
Yes
Industry
byyear
dummies
Yes
lndustry
byyear
dummleS
Yes
lndustry
byyear
dummies
Yes
Numberofobs　　 ＝　　 6966 Numberofobs　　 ＝　　 4326 Numberofobs　　 ＝　　 3421 Numberofobs　　 ＝　　 6964
Numberofgroups　 ＝　　 2367 Numberofgroups　 ＝　 1353 Numberofgroups　 ＝　　 961 Numberofgroups　 ＝　　 2367
R－Sq：Within　＝0．4866　0bs／group：min＝1 R－Sq：Within　＝0．50830bs／group：min＝1 R－Sq：Within＝0．51530bs／group：min＝1 R－Sq：Within＝0．47520bs／group：min l
between＝0．0187　 avg＝　2．9 between＝0．1192　avg＝　　 3．2 between＝0．1298avg＝316 between＝0．2219　 avg＝2．9
0VeralI＝0．1060　max＝4 0Veral＝0．2401 max＝　　　 4 OVeral＝0．2087max＝4 OVeral＝0．3115max＝4
F（308．4291）　　 ＝　 13．21 F（187，2786）　　 ＝　 15．40 F（254，2206）　　 ＝　　 9．23 WaldChi2（411）　 ＝　 4535．34
sigma＿ul 36415613 sigma＿u「 31126491 sigma＿ul．36388534 Slgma＿ul．25992874
sigmael．19421891 sigma＿eI．18575946 sigmae「 19418163 sigmael 19427914
＊＊＊：1％significant，＊：5％signfiicant，＊：10％significant
Table3　Estimaion（tl）
Estimation5：Fixed－effectsregression
Estimation6：Fixed－effectsregression（firmswithtop10％
inmarketshares）
Estimation7：Fixed－effectsregression
nq Coef． Std．Err． nq Coef． Std．Err． nq Coef． Std．Err．
nasset －0．083 0．016 ＊＊＊ nasset －0．086 0．016 ＊＊＊ nasset －0．098 0．016 ＊＊＊
mS －0．626 0．280 ＊＊ mS －0．699 0．281 ＊＊ mS 0．099 0．254
rda 0．324 0．307 rda －0．146 0．345 rd 5．962 0．996 ＊＊＊
msrda 28．786 6．788 ＊＊＊ msrda 29．376 6．821 ＊＊＊ rd2 －6．678 2．458 ＊＊＊
adva 0．500 0．401
msrda：additonaIefFectfor
middIesharefirmsNote2
51．630 26．091 ＊＊ msrd －7．425 3．650 ＊＊
msrda：additonalefFectfor
lowestsharefirmsNote2
488．939 194．631 ＊＊ adv 4．442 3．663
adva 0．468 0．401 adv2 11．387 45．069
1994 －0．188 0．091 ＊＊ 1994 －0．188 0．091 ＊＊ 1994 －0．168 0．091 ＊
1997 胃0．373 0．089 ＊＊＊ 1997 －0．368 0．088 ＊＊＊ 1997 －0．356 0．088 ＊＊＊
2000 －1．135 0．292 ＊＊＊ 2000 －1．115 0．292 ＊＊＊ 2000 －1．151 0．290 ＊＊＊
Financial
StruCture
Yes Financialstructure Yes
Financial
StruCture
Yes
lndsutryby
veardummies
Yes lndsutrYbytimedummies Yes
lndsutryby
timedummies
Yes
Numberofobs　　 ＝　　 6966
Numberofgroups　 ＝　　 2367
R－Sq：Within　＝0．48130bs／group：min＝1
Numberofobs　　 ＝　　 6966
Numberofgroups　 ＝　　 2367
R－Sq：Within ＝0．48240bs／group：rTlin＝1
Numberofobs　　 ＝　　 6966
Numberofgroups　＝　　 2367
R－Sq：Within　＝0．48710bs／group：min＝l
between＝0．0148avg＝　　 2．9 between＝0．0144　avg＝　　 2．9 between＝0．0205avg＝　　 2．9
overal＝0．0964　max＝　　　 4 0Veral＝0．0938　　 max＝　　　 4 OVeraIl＝0．1095max＝　　　 4
F（305，4294）　　 ＝　 13．07 F（307，4292）　　 ＝　 13．03 F（307，4292）　　 ＝　 13．28
sigma＿u「36399399 sigma＿ul．36557271 sigma＿Ul．36340249
sigma＿el．19514989 sigma＿el ．1949896 sigma＿el，19411073
Notel．＊＊＊：1％significant，＊：5％signfiicant，＊：10％significant
Note2．Topsharefirmsconsistof202firms，themiddlesharefirmsconsistof1149firmsandthelowestsharefirmsconsistof1140firms．
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Japanisanationwhereinnovationoccurspnmarilyinlargeestablishedcompanies．
IncontrastintheUS，aSlgni丘cantproportionofinnovationoccursinventure
COmPaniesanduniversities．Thereasonsbehindthissituationanditsimplicationsare
attheheartofthisstudyofautarkicinnovationinJapan．Butalthoughthisinitial
assertionmayseemobvioustosomereaders，eSPeCiallyinlightofreportsonthe
difncultiesfacingJapaneSeVentureCOmPanieslandbarrierstouniversity－industry
technologytranSfbr，2itrequlreSqualificationandsupportlngeVidence・
Unfortunately，Clearevidenceisnotreadilyavailable．Therearefbwstudies
thattracethedevelopmenthistoryindiffbrentcountriesofnewproductsinthesame
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industry－Studiesthatwouldpermitconclusionsastotherelativeimportanceof
universitiesandventurecompaniesinearlystagesofthedevelopmentprocess．
ImyselfhavedonethiswithrespecttonewpharmaceuticalS．Theresults，
describedinarecentpublication，3supporttheopenlngStatementSabove・Butthisstill
leavesopenthequestionofinnovationinotherindustries．
Anotherapproachmightsimplybetocomparethenumberofventure
COmPaniesintheUSandJapan・Indeed，therateofnewcompanyfbrmationinJapan
hasbeenamongthelowestamongindustrializedcountries・4AIso，thenumberof
JapaneSebiomedicalventurecompaniesandthenumberofJapaneSeuniversitystart－
ups（ina11fieldsofbusiness）andthenumberofJapanesebiomedicalventure
COmPanies（includingventuresthatarenotuniversitystart－uPS）areconsiderably
lowerthanequlValentUSnumbers－althoughtheJapaneSenumbersarerapidly
increaslng，aSIwilldiscussinafbllowlngPaPer．Butthereisnoshortageofsmall
JapaneSeCOmPaniesengagedinmanufacturingandevennewproductdevelopment，
andbytheendofthe1990StheJapaneseGovemmenthadimplementednumerous
POliciestopromotethegrowthofhighteclm0logyventures．Soinnon－
Phamaceuticalindustries，Simplycompanngnumbersofventureandsmalland
mediumsizeenterprises（hereinafter“SMEs，”definedfbrthisstudyasindependent
COmPanieswithnotmorethan500empIoyees）withoutconsideringtheirhistoryand
businessactivities，WillnotglVeaC1earpICtureOfthecontributionofventure
COmPaniesandSMEstoinnovation．
Alessidealwaytocompareinnovationbetweentypesoforganizationsto
analyzepatents－“lessideal”becausepatentsdonotalwaystranslateintomarketable
PrOducts，andinventorsandcompaniessometimesapplyforpatentsforreasonsother
thantheirconvictionthattheinventionhascommercialValue．AIsoitisdifncultfbr
RobeれKneller
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anyonebutaspecialisttodeterminewhichpatentshaveslgnificantCOmmerCialvalue
OrrePreSentSlgnificantteclmicalachievements・Theseproblemscanbepartly
alleviatedbyfbcuslngOnissuedpatentsratherthanpatentapplications・Successful
prosecutionofapatentapplicationrequlreSCOmmitmentoftimeandmoney5and
eithertheUSPatentandTrademarkOfnce（USPTO）ortheJapanPatentOfnce（JPO）
mustjudgetheinventiontobenew，inventiveandusefu）．6
Analysisofpatentapplicationsingenomics，PrOteOmicsandrelated
applications丘ledbetween1991and1999intheUSPTO，JPOandmajorEuropean
COuntriesindicatesthat，Whileventurecompaniesaccountedfbrnearly40％ofUS
applications，theyaccountfbronly12％and6％respectivelyinJapanandEurope・7
Conversely，largecompaniesaccountedforonlyabout50％ofUSapplicationsbut
72％ofapplicationsinbothJapanandEurope・
lInsertFig．lapproximatelyhere．］
Butagain，howrepresentativeofinnovationinotherteclmicalfieldsisthisnarrow
Subfieldwithinbiomedicine？Itseemsthat，eVenforjusteithertheUSorJapanalone，
fewdataexistforallindustriesasawholeorfbrspecificfieldsoftechnologyother
thanbioteclm0logy・8Thereisevidencethatventurecapitalbackedmanufactunng
COmPaniesaremorelikelytoobtainpatentsthannOn－VentureCaPitalbacked
companiesacfossawiderangeofindustries，9butthisstillleavesunanSWeredthe
relativecontributionofestablishedcompanies，VentureCOmPaniesanduniversitieSto
innovatlOn．
HoweveranalysisofpatentsapplicantSinnarrowtechmiCal伝eldscanhelpus
anSWerthisquestion．Indeed，SincebothUSandJapanesepatentsareclassified
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accordingtohtemationalPatentConvention（IPC）codes，10itispossibletocompare
intemationallypatentlnglnVarious丘eldsoftechnologyoverdifferenttimeperiods．
Inparticularbymakingreasonableinferencesastowheretheinventorswereworking，
itispossibletocomparequantitativelythelocusofinnovation・ll
ThefbllowinggraphsshowthepercentagedistributionofapplicantS（first
assignees）fbrsixtechnicalcategorieseachde丘nedbyasmallnumberofIPCcodes．
lInsertFigs2－7approximatelyhere．］
Ichosethecategoriessoastorepresentavarietyofnon一medicaltechnologiesthat
Oftendrawuponfrontierknowledgeinscienceorenglneerlng．Detai1sonhowthese
grqphswereconstruCtedareinAppendixl．IcannOtClaimtheyarearepresentative
SamPleofnon－biomedicalindustries・Nevertheless，theyprobablyrepresenta
Sufficientvarietyofindustriestosuggestfundamentaldiffbrencesininnovation
betweentheUSandJ坤an．
Thepnncipaldifferenceisthatventurecompamiesanduniversitiesaccountfor
SlgnificantPrOPOrtionsofdomesticallyonglnatlngPatentSintheUS，butmuch
SmallerproportionsofdomesticallyonglnatlngPatentSinJq）an．Withjustafbw
exceptlOnS，JapaneSeVentureCOmPaniesappearnottobeinnovatorsinhigh
teclm0logyfields－inmarkedcontrasttothesituationintheUS．Ofcourse，thereis
VariationaccordingtoteclmicalfieldintheUS．Inmedicaltomographyand
radiography，innovationappearstooccuralmostexclusivelyinlargecompaniessuch
asGeneralElectriC．hrewritableelectromagneticrecordingdevicessuchasDVDs，
innovationseemconfinedtolargefbreign（mainlyJ坤aneSe）companies．Butinhip
andkneeprostheses（WhichoftenincorporateadvanCeSinmaterialscience），Video
Robe止Kneller
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CryPtOgraPhy（WhichinvoIvessoftwareandelectricalengineering），highenergy
lithography（especiallyforintegratedcircuit（IC）designandmanufacture），andion
implantationdevices（fordopingvariousmaterialstoimprovetheirperformanCeaS，
forexample，Semiconductors），USventurecompaniesaccountforasignificant
PrOPOrtionofinnovativeactlVlty・
Moreover，desplteCOntraCtionintheventurecapitalmarketbeginnlngin2000，
thereislittleevidencethattheirshareOfinnovativeactlVltyisdeclining．Butsince
thefilingdateformanyOfthepatentsissuedin2003waspnorto2002，itispossible
thatthenegativeeffectsofthiscontractionarestilltobemanifbstinafuturedecline
intheproportionofpatentsissuedtoventurecompanies．
ConverselyinJapan，thereisnoindicationthattheproportionofpatents
issuedtoventurecompaniesisincreaslng．Indeed，inrewritablerecordingandion
beamimplantationdevices，universitiesandGRIsseemtoaccountforconsiderably
morepatentsthanVentureCOmPanies・12
IapproachedthisissuedifferentwaybysamPlingthefirstpagesofallUSand
JapaneSePatentSissuedin2003and1995thatcontained“micromachine”（マイクロ
マシンinJapaneSe）or“nano”（ナノinJapanese）asatitlewordorasafragmentofa
titleword．Theinventionsreflectavarietyofapplicationsofmicromachine
（includingmicro－electriCalmechanicalsystems（MEMS））andnanodeviceor
nanOParticleteclm0logleS．
lhsertFigs7＆8approximatelyhere・］
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Thepattemisthesame－infact，eVenStarkerthanWhenselectlngPatentSaCCOrding
toIPCcode．ThelocusofhightechnologylnnOVationinJapanapPearStObeitslarge
establishedcompanies．IntheUS，itappearsevenlydividedbetweenlarge，
establishedcompanies，VentureCOmPaniesanduniversities－atleastjudgingby
numbersofpatents．
BothmicromachinesandnanOPatentShaveincreaseddramaticallysince1995，
andwiththeoveral1increaseinUSpatents，theshareofUSventurecompanieshas
increasedwhilethatofUSestablishedcompanieshasdecreased．Incontrast，
Japaneseventurecompaniesappeartobeplayinganegligiblerole．Ofthe39
Japanese2003nanOpatentS，OneWaSissuedtoasmallchemicalcompanyformedin
1951andonewasissuedjointlytoAISTandasmallJapanesepharmaceutical
COmPanyeStablishedin1955．hcontrast，KoreanVentureCOmPaniesfbrmedafter
l995accountedfbrfiveoftheseJapaneSePatentS．Noneofthe15JapaneSe2003
micromachinepatentswasissuedtoanSMEoraventurecompany．
Onenewphenomenonregardingthe2003JapaneSenanOpatentSisthatfive
areco－OWnedbyAISTandanestablishedJapaneSeCOmPany，Whilesixarec0－OWned
bytheJapanScienceandTechnologyCorporation（JST）andanestablishedcompany
（eitherNECorToshiba）．hFigure8，eaChofthesec0－0Wnedpatentsisallocated％
totheestablishedcompanyc0－OWnerand％tothecategory“universltyOrGRI．”The
AISTco－OWnedpatentsmostlikelyreflectinventionsanslnginAISTlaboratories
undercooperativeresearchagreementswiththec0－OWnerS．TheJSTco－OWned
PatentSPrObablyreflectinventionsanslnginJapaneSeuniversitiesunder
nanoteclm010gycooperativeresearchprqectsmostlikelyjointlyfundedbytheco－
OWningcompaniesandtheJapaneseGovemment．（JSTisaMEXTa疏1iated
COrPOrationthatisresponsibleforpatentlngmanyOftheinventionsanslngundersuch
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COOPerativeresearchprQjects．）ThissuggeststhepossibilityofJapaneseuniversities
andGRIsarecontributingmoretoinnovationthaninthepast．Butitalsosuggests
thatthiscontributionoccursusual1yincooperationwithestablishedcompanies，nOt
VentureCOmPanies．
Insummary，bearinglnmindthequalificationsuggestedbythislastfindingas
WellasthecaveatsaboutuslngPatentSaSanindicatorofinnovativeactivity，these
datagenerallysupportthepremiseoftheopenlngSentenCeOfthispaper－Japanisa
nationwhereinnovationinfrontierneldsofscienceandenglneenngtendstooccurin
largeestablishedcompanies，WhileintheUS，VentureCOmPaniesanduniversitiesare
amongtheleadinglnnOVatOrSinmanysuch丘elds．Moreover，manyOftheUS
COmPaniesappeartobeaggressivelysolicitingcustomers，PrOminentlyadvertlSlng
theirpatentportfbliosaspartofthisprocess・
Theaboveanalysisisnottoarguethatuniversitiesdonotproduceknowledge
thatisvitaltoindustry，thatSMEsdonotcontributesignificantlytotheJapaneSe
economy，OrthatventurecompanieshaveneverflourishedinJapan．
Theimmediatepost－WaryearSSaWthefbrmationofSony（1946），SanyO
（1947），Honda（1948）andKyocera（1959）．Sonypioneeredinnovationsintransistor
teclm0logyandtheirapplications且rsttoradiosthentoarangeofotherelectronic
PrOducts．Kyocera（ShortforKyotoCeramics）becamealeaderinapplicationthe
applicationofmaterialsciencetoavarietyofelectronicandotherproducts．AIso
duringthe1950Sand1960S，HayakawaElectrictransfbrmeditselffromastruggling
mediumsizemakerofradiosandtelevisionstotheworld’sleadingplOneerOfliquid
CryStalandplasmadisplays，andintothecompanyWeknowtodayasSharp．
RobeれKneller
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In2000，SMEsaccountedfbrabout89％ofemploymentand57％ofvalue
addedinJapaneSemanufactunng，eVenhigherthanthirtyyearsearlierwhenthey
accountedfbr83％ofemploymentand47％ofvalueadded・13However，PrObablythe
m叫OntyOfmanufactunngSMEsrelyonsubcontractlngWOrkfbrmostoftheir
business，andapproximatelyonethirdrelyonsubcontractingfromasingle
customer．14
DuringJapan’seconomicboomyears，becomlngreliantonaslnglecompany
（orasmal1numberofcompanies）fbrmostofacompany’sbusinessoftenoffbred
advantageSSuChasstableincomeandaccesstoadvanCedproductiontechnologyand
managementadvice．AcompanythatbecamereliantOnOne，tWOOrthreelarger
COmPaniesformostofitsbusinessiscalledashita－ukecompanyWhilethelarger
COmPanyiscalledits“parent．”Thesetermsimplydependencyonthepartofthe
SmallercompanylnaWaythattheEnglishterm“Subcontractor”doesnot．Toalesser
extenttheyalsoimplyobligationonthepartofthelargerCOmPany．
Butevenduringthehalcyonboomyearstherewerereportsofparents
PreSSunngShita－ukecompaniestosupplyexclusivelytothemandthen，intimesof
economicdowntum，demandinglowerpnceswhilemaintainingtheirownprofit
marglnS．Therewerealsoreportsthatparentswouldcraftsupplyordersvery
narrowlysothatshita－ukecompanieshadfbwopportunitiestodevelopcompetencein
newareasthatmightservetheneedsofothercustomers・15sinceJapan，seconomic
downtumandthetranSfbrofmanymanufacturlngandevendevelopmentactivitiesto
ChinaandotherAsianCOuntries，eCOnOmicpressureonshita－ukecompanieshas
increased．OverthepastseveralyearscorporatebankruPtCyrateShaveexceeded
fbrmationratesinmanufacturing．
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Atleastoneseriesofcasestudiessuggeststhatithasbeencommonfbrlarge
COmPaniestoexpropnatethetechnologiesofSMEs－eitherbyesplOnage，
inhngement（forwhichdamageaWardshavebeenrelativelylowandlitigation
expensive）orbyapplyingforalargenumberofpatentsforrelativelyminor
improvementsontheSMEs，inventions・16Aventurecompanythatinvented
innovativeICchipsthatwereakeycomponentNTTDoCoMo’siModehandsets
agreedthat，inretumforbecomlngNTTDoCoMo’ssolesupplierfbrthesechips，all
itsfutureresearchinthisareawouldbeconductedjointlywithNTTDoCoMoand
thatNTTDoCoMowouldc0－OWnallresultinglnVentions．Theventurecompany
SOOnfbunditcouldnotengageanyOthercustomers．Aftefafbwyears，itabandoned
ICchipdevelopment，mOrPhedintoaservicescompany，andisnowinsevere
financialdifnculties．
Themantraofshita－ukecompaniesthathavesucceededintherecenttrylng
economicsituationhasbeenthatitisessentialtodiversifyone’Scustomerbase，itis
extremelydangeroustoremaindependentuponasmallnumberofmaincustomers．
Someshita－ukecompaniesareabletomakethistranSfbrmation．Reportsinthe
JapaneSebusinesspresssuggestthatgalnlngCOntraCtSWithfbreigncompanieshave
beencriticaleventsinallowlnganumberofshita－ukecompaniestomakethis
transitionsuccessfully．Certainregionalself－helpassociationsofventurebusinesses
appeartobefbstenngthegrowthofnewhightechnologycompaniesinparticular
a∫eaS．
TheseissueswillbediscussedfurtherinafbllowlngPaPer．Butfbrthis
OVerviewofJapan’scorporateinnovationlandscape，theseobservationshintatpartial
anSWerStOaqueStionthatliesattheheartofthisstudy胃WhyhavenotmoreJapaneSe
SMEs（includingnewventurecompanies）beenabletouseteclmicalexpertiseto
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attractcooperationfromestablishedcompanies？Toframethequestionmore
narrowly，WhyhavenotmoreSMEsbeenabletouseintellectualpropertyrightsas
leveragetostrikedealswithestablishedcompaniesthatwillallowthemtogrow
independently？Orperhapswithinthepastfewyears，theyhavebeguntodoso・And
asaresultofsometimeswrenchingeconomicandsocialadjustments，afundamental
Changehasbegunthatwilleventual1yresultinventurecompaniesandotherSMEs
PlaylngmOreimportantrOlesashightechnologylnnOVatOrS．
Asforinnovationinuniversities，thisisthefbcusofafbllowlngPaPer．
Sufncefornowtonotethatindustryhasalwayshadimportantinformaltieswith
universltyreSearChers．However，theinitiativeforexploitinganddeveloping
universitydiscoverieshas，untilveryrecently，lainwithindustry，SPeCificallywith
1argeeStablishedcompanies．Universitieshadnolegalauth0rity，PerSOnnelor
financialincentivestoplayapro－aCtiveroleinteclm010gydevelopment．These
factors，inadditiontorulesgovemlngtheownershipandtransferofintellectual
propertyrights，havehadtheirrhostsevereimpactontheformationofuniversitystart－
upS・
Thelegalframeworkthathaslimitedcooperationbetweenindustryand
universitiesisinthelaststagesofafitfu1dismantlingprocessthatbeganarOund1998．
Partlyasaresult，therehasbeenanupsurgeoffbrmalcooperativeresearch
agreementsbetweenindustryanduniversitiesandanexplosioninthenumberof
universltyStart－uPS．Thislatterphenomenon，PrObablymorethananyOther，isthe
mostslgnificantChangeOntheJapaneSeinnovationlandscape．
Butthestart－uPVentureboomisfragile．Moreover，aSyStemOfdistributing
universltyreSearChfundsthatisstillinsufncientlyinformedandobjective，anda
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SyStemOfuniversltyCareeradvancementthatstilldependsinordinatelyupon
PatrOnage，COntinuetodiminishincentivesfbruniverslty－industrycooperationand
entrepreneurialbehavior．
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Fig．4aRewritabIeelectromagneticrecordingdevices
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】E・g・，RowanandToyoda（2002），Ibata－Are一S（2000），Nakagawa（1999），Suzuki（1999），Sakai（1990），・
2Kneller，RW・Universlty－industrycooperatlOnandtechnologytransfbrinJapancomparedwiththeUS＝anOtherreasonforJapan’seconomicmalaise？
tJhiversiOJQ［PennSylvania．hurnalqflhternational励onomicLawVol・24（2）pp329－449（summer2003）・
3Kneller，RW・AutarkicdrugdiscoveryinJapanesepharmaCeuticalcompanies：
insightsintonationaldiffbrencesinindustrialinnovation．ResearchPolicyVol・32（10）（December2003）．
4sMEWhitePaper2003andWhitePaperonEuropeanSMEEnterpnses，5thReportl997・
5Theapplication（nling）feetoapplyforapatentineithertheUSPTOorJPOisusuallylessthan1000USD．Buttoengagepatentattorr）eyStOCarefu11ydraft
theapplicationandtodealwiththesometimeslongexaminationprocessateithertheUSPTOorJPOusuallycostsaboutlO，000USDforapatenttobegranted
toadomesticapplicant・Iftheapplicantalsoappliesfbrpatentsinfbreigncountries，COStSincreasegreatly，eSPeCiallyiftranslationisrequired・WhenIworked
intechnologytransftrattheUSNationalInstitutesofHealthinthe1990S，WeCalculatedthattoobtainpatentsintheUS，JapanandmostmajorEuropean
COuntriesfbraslnglebiomedicalinventioncostsabout100，000USD．Japanesepatentapplicantsprobablyfaceevenhigherinternationalcostsbecauseof
highertranslationcostsinEuropeaswellastheUS・
6AnalysisofcitationsbyUSorJapanesepatentstoearlierpatentsoracademicpapershasbeendone－thenumberofcitationsnotonlysuggestlngthe
importanceofaparticularpatentoracademicpaperbutalsotheextenttowhichinnovationinaparticularindustryreliesuponacademicresearchorprevious
inventions・SuchanalysisofUSpatentshasshownthatcitationstoacademicpublicationsarefarmorenumerousinbio一medicalpatents，followedbypatentsin
communicationstechnology－SuggeStlngthatinthesetwoindustriesacademicdiscoveriesarerelativelymoreimportantforinnovationthaninotherindustries
lBranstetter（2003）］．SimilaranalysisofJapanesepatentshasshownthatcitationstoacademicpapersarealsomostcommoninbiomedicalpatents，followed
bynanotechnologypatentslTamada（2003）］．However，tOmyknowledge，thesecitationstudieshavenotdistinguishedbetweenoldandnew（orlargeand
Small）companieseitheraspatentapplicantsorasholdersofcitedpatents・
7Evena12％shareforJapaneseventurecompaniesisextremelysurprlSlng，Since，untilthelatel990stherewasprobablyonlyoneindependentJapanese
bioventurecompany（MedicalBiologicalLaboratoriesinNagoya），anditsfocusisdesignerantibodies，nOtgeneSandproteinsperse．Iamtryingtoclarify
whetherthe12％valueincludesforelgnaSWellasJapaneSeaPPlications，OrWhethersomeoftheventurecompaniesformedinthelate1990smighthavefileda
largenumberofgenoIT）icpatents・ThemostlikelycandidatewouldbeDragonGenomics，aSPln－0fffromTakaraShusho，Whosebusinessplan，likeCelera，S，
wasfocusedonsequenclngandidentifyingmanygenesandgenefragments・
80neexceptionisanother2002JPOreport（2002）thatbreaksdownJapanesepatentapplicationsintheheldofremotecontrollednanoimagingdevices
accordingtolargecompany（89％ofapplications），VentureCOmPany（1％），GRI（5％），mixeduniversityandcompanyinventors（4％），universityfacultyfiling
Ontheirown（1％）anduniversities（0．3％）．
9KortumandLerner（1998）．
10TheIPCcodesare8characteralpha－numericcodespublishedbytheWorldIntellectualPropertyOrganization・Theytendtobebasedlargelyupon
COnStituentmaterialsorcomponents，Orunderlyingscientificprocesses，ratherthanuponendfunction・Therefore，forthisanalysIS，theyarenotideal・But
becauseUS，JapaneseandmostEuropeanpatentsareclassinedaccordingtoIPCcodes，theycanbeusedtocomparepatentlngaCtivltybetweencountries・The
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USPTOhasitsownunlqueClassificationsystemthatisbasedmoreupontheenduseoroverallfunctionofaninvention・USpatentsthushaveadual
Classification，buttheUSclassificationcannotbeusedforinternationalcomparisons・
llwhenacompanyemployee，GRIscientist，OrfacultymemberinaUSuniversltymakesaninvention，theinventorisrequiredtoreporttheinventiontohis
employer・Theemployerthendecideswhetheritwi11requlretheinventortoasslgntheinventiontotheemployerandthenapplyforapatent・Thisrightofan
employertoassertownershipoveritsemployees，inventionsisastandardelementofmostemploymentcontracts・Manyemployersdemandprospective
asslgnmentOfanylnVentionstheiremployeesmake・FirstasslgneeSarelistedonthefrontpageofJapaneseandUSpatents，andsincefirstasslgneeSare
usuallytheinventors’employers，thisusuallyindicateswheretheinventionsoccurred・
AsdiscussedinafollowlngPaPer，thecaseofJapaneSeuniversltylnVentionswasaneXCePtlOn・UntilApri12004，facultylnmOStJapaneseuniversities
wereabletoretainownershipovermostoftheirinventions・Howevertheywouldmoreoftenasslgntheirinventionstocompaniesthathelpedfundtheir
researchthanpatentthemthemselves・Thus，PrObablyasmallproportionofinventionsasslgnedtocompanieswereactuallylnVentedinJapaneSeuniversities・
12Infact，mOStOfthesepatentsarefromtwoGRIs，theInstitutefbrChemistryandPhysics（Riken）andtheAgencyforIndustrialScienceandTechnology
（AIST）．Botharesemi－autOnOmOuSCOrpOrations，RikenundertheMinistryofEducation，Culture，Sports，ScienceandTechnology（Ofnciallyabbreviatedas
MEXT），andAISTundertheMinistryofEconomyTradeandIndustry（METI）．AsIwilldescribeinafollowingpaper，itisnotsurprisingthatRikenand
AISTarethetwoleadingpatentholdersamongpublicresearchinstitutions．
13sMEWhitePaperFY2003・
14whittaker1997．
】5sakai1990
16Ibata＿Arens2000
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Abstract
AtleastsinceArrow（1962），eCOnOmistshavebelievedthatstrongpropertyrightsare
necessaryforfirmstoinvestininnovation．Thisbeliefwasakeyprincipleunderlying
theBayh－DoleAct，WhichgaveuniversitiestherighttooⅥlandlicensefederal1y
fundedinventions，becausethecoInmerCializationofuniversityinventionsrequires
private丘rminvestmentindevelopmeI止，giventheearlystageoftheseinventionsat
thetimethattheyarelicensed．However，SurprlSlnglylittleresearChhasexamined
thiskeyprlnCiple，Inthispaper，WeeXploitadatabaseof805attemptsbyprivate
firmStOCOⅡ皿erCializeinventionslicensedexclusively丘omMITbetween1980and
1996toaddressthisissue．Thedataallowustoexaminethetimingofsubsequent
commercializationorterminat，ionofthelicensestotheseinventionsasafunCtionof
thelengthofpatentprotection，aSWe11asothermeasuresofappropriability．Wb
modelthefim’SinvestmentdecisionasanOPtimalstopplngPrOblem，andwechar－
acterizethehazardratesoffirstsaleandterminationovertime．Inboththetheory
andtheempiricalanalysis，Wefindtwoopposinge鮎ctsoftime．Thelengthofpatent
protectionprovidesanincentiveforthehmtoinvestthatdecheswithti皿e；While
theprobabilityofteclmicalsuccessincreasesinea。hperiodthatthe丘rminvests．
CompetingrisksInOde15tOPredicttheresultinghazardsof血stsaleandtermina－
tionrevealthat，forthesedata，thehazardoffirstsalehasaninvertedu－Shapeand
thehazardofterminationhasau－Shape．We丘ndthatincreasedappropriability，aS
measuredbyLerner’sindexofpatentscopeandefEbctivenessofpatentsinalineof
business，decreasethehazardofterminationandincreasethehazardof丘rstsale．
ー94－
1　Introduction
UniversitypatentlicensinghasgroⅥ1SteadilyinthetwodecadessincetheBayh－Dole
ActgaveuniversitiestherighttoowIlandlicensetheresultsoffederallyfundedre－
search・3whilemanyreSearChersandpolicymakerscitethepassageoftheBayh－Dole
Act asinstrumentalinfhcilitatingthecoIIlmerCializationofuniversityinventions，
OthersquestionwhethertheActhasmatteredatal1．Asaresult，thedebateover
thevalueofgivinguniversitiesthepropertyrightstofederally－fundedinventionshas
COntinuedsincetheinitialdiscussionoftheActinthelate1970sandshowsnoslgnOf
abating．Infact，Withinthelastyear，Congress，theNationalAcademies’Committee
OnScience，Tbdlm0logy，andEconomicPolicy，andthePresident’sCommissionon
ScienceandTbchnologyhaⅥeallundertakenreviewofBayh－Dole．
Beneaththerhetoric，therehasbeensurprisinglylittleanalysisofthekeyprlnCi－
pleunderlyingthedebate：WOuldprivate丘rmsadoptandcommercializeuniversity
inventionsintheabsenceofstrongpropertyrightstotheinventionsresults？Some
Observerssaytheanswerisyes・AsnotedbyNelson（2001），tWOOfthemostim－
portantuniversitypatents（Cohen－BoyeratStanfordandAxelatColunbia）were
adoptedbycompanieswithoutexclusivelicenses．Intheircase－Studyanalysis，Coly－
VaSetal・（2002）findthatinventions“readyforuse”（fouroftheirtencases）were
SuCCeSSfullylicensedandput，tOCOmmerCialusewit．houtexclusivelicense．Thereis
alsoextensiveevidenceofuniversityresearchthathasbeentranSferredtoindustry
byothermeansthanteclm01ogylicenslng，includingpublications，COnSulting，a皿d
conferenceparticipation（See，forexample，AdamS，1990；AgrawalandHenderson，
2002；Cohenetal・，1998；Ja丘e，1989；ManSfield，1995；弧dzuckeretal・，1998）．
Nonetheless，the proponents ofBayh－Dole arguethat becausethe commercial
SuCCeSSOfuniversityinventionsishighlyunCertainandtypicallyrequiressubstan－
tialdevelopment，privatefirmswillnotmakethenecessaryinvestmentunlessthey
CanapprOPriatethereturnstothatinvestment．It haslongbeenrecognizedthat
3AccordingtotheAぉociationofUniversityTbclm0logyManagers（AUTM），thenl皿berof
universitieswitht，eClm0logytransfero伍cesgrewh・Om20in1980toover200in1990．Fbrthe95
USinstit．utionsrespondingtotheAUTMsurveyinboth1991and1999，thenu皿berofinvent．ions
disclosedtYfhctdtyincreaBed65％toatotalof8457in1997，thenumberofnewpatentapplications
filedincreased175％to4032，thenu皿beroflicenseandoptionagreementsexecutedincreaBed135％
to2734，androyaltiesincreasedmorethan250％（inrealterms）toaround＄665mⅢion．
胃95－
unCertaintyandinappropriabilitycanleadtounderinvestmentinresearchandde－
Velopment（theclassicreferencebeingArrow，1962）・Universityinventionsareun－
Certainandrequiresubsequentdevelopmenttoachievecommercialsuccess．Arecent
SurveyOfbusinesseswholicensefromuniversitiesindicatesthatalmosthalfofuni－
versityinventionsfail（ThursbyandTlmrsby，2003）．Moreover，aSurveyOfsixty－tWO
U．S．universityteclm0logytranSfero伍cesprovidesevidencethateighty－eightpercent
Oftheinventionslicensedrequirefurtherdevelopment，andseventy胃丘vepercentare
SOembryonicthat－COmmerCialsuccessrequlreSfacultyparticipationintheprocess
（TlmrstYetal．，2001）・JensenaJldThursby（2001）constructamodelofexclusive
licenslngandshowthatthenecessaryfacultyparticipationwouldnotbeforthcomlng
WithoutlicensepaymentstiedtofirmperformanCe，SuChasroyaltiesorequity．The
foCusOfthiswork，however，istheroleofcontractsinobtainingfacultycooperation
ratherthantheroleofappropriability．
Inthispaper，WeeXploitaunlquedatabasethatallowsustoaddressdirectlythe
issueofwhetherprivatefirmswouldadoptandcommerCializeuniversityinventions
intheabsenceofstrongpropertyrightstotheteclm0logy．Weexaminethepopular
tionof805attemptsbyprivatesectorfirmstocommerCializeinventionsassignedto
theMassachusettsInstituteofTbchnologyandhcensedexclusivelybytheinstitution
between1980and1996t WbuseinformationobtainedfromtheMITteclm0logyli－
CenSlngO伍ceonthedatesofpatentawardandlicenseexecution，aSWellasthetiming
Ofsubsequentcommercializationofthoseinventionsorterminationofthelicenses．
Weexaminetherelationshipbetweenthelengthofpatentprotectionremainingon
theinventions aswellasothermeasuresofappropriabilityandcommercialization
e簸）rtS．Wbarguethatthelengthofpatent protectionremainingonaninvention
providesanincentiveforprivate丘rmstocoInmerCializeuniversityinventions．How－
ever，glVentheearlystageofmostuniversitytedlnOlogies，theircommercialization
takestime，initial1yincreaslngtheprobabilityofcommercializationanddecreaslng
theprobabilityofterminationbecausetheprobabilitythatdevelopmentwillyielda
COmmerCiallyviableproductincreasesovertime．Wbalsoarguethatothermeasures
Ofappropriability，SuChaspatentefbctivenessandpatentscope，increasethehazard
offirst saleanddecreasethehazardoftermination．
InSections2and3，WePreSentamOdelofexclusivelicensinginwhichasingle
丘rmthathaslicensedauniversityinventiondecidesineaChperiodwhethertoinvest
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infurtherdevelopment，therebyincreasingtheprobabilityof（tedhnical）success，Or
toterminate theproject．Ifthefirmis successfulat commerciahzation，it earns
monopolypro丘tuntilthepatentexpires．Ifsuccessfu1，thefirmsellsitsnewproduct
immediately．BecauseoftheopposingefEbctsoflengthofremainingpatentprotection
ande鮎ctoftimeontheprobabilityofteclmicalsuccess，Wefindthatpatentagemay
havenon－mOnOtOnice飴ctsonboththehazardofterminationandthehazardof丘rst
Sale．Themodelpredictsthatforinventionswithasu伍cientlylowimitialprobability
Oftechnicalsuccess，the hazard oftermination has au－Shapeand the hazard of
firstsalehasaninvertedu－Shape，aPatternthatwefindinourdata．Themodel
alsosupportstheviewthatwiderpatentscopeandmoree鋲∋Ctivepatentsdecrease
（increase）thehazardoftermination（commercialization）regardlessofpatentage・
hsections4and5，WepreSentthedataandempiriCalresultsforcompetingrisks
regressionmodelstopredictthehazardoffirstsaleandhcenseterminationfor805
attemptstocommercializeMIT－aSSlgnedpatentslicensedexclusivelybetween1980
and1996．Wefindstrongsupportforau－Shapedrelationshipwiththeageofthe
patentandthehazardofterminationandsomewhatweakersupportforaninvertedu－
Shapedrelationshipbetweenthehazardoffirstsalea皿dpatentage．Wbalsofindthat
severalothermeasuresofappropriability，mOStnOtablythee鮎ctivenessofpatents
inalineofbusinessandLerner’Sindexofpatentscope，increasethehazardoffirst
Saleanddecreasethehazardoftermination．Ourresultsarerobusttocontrollingfor
thegeneraltechnicalfieldinwhichtheinventionisfound，andthesourceoffunding
fort．heinvention．
TheseresultscoIltribute，nOtOnlytothegrowingliteratureoninnovationbased
Onuniversityresearch，butalsoto the broaderliteratureontherelationbetween
patentsandinnovation・AsemphasizedinarecentsurveybyGal1ini（2002），thelink
betweenpatent strength andinnovationis，ingeneral，ambiguous．Models which
examinetherelationbetweenR＆Dspendingandpatentlengthinthepresenceof
uncertainty丘ndtheyarepositivelyrelated（seeKamienandSchwartz，1974and
Goel，1996）・However，HorowitzandLai（1996）丘ndaninverseu－Shaperelationship
betweenpatentlengthandtherateofinnovation，andLerner（2002）findsempirical
SuppOrtforsucharelationship．Inthiswork，thenegativeefEbctofpatentlengthon
innovationcomesfromtakingintoaccountthecumulativeprocessofinnovationand
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strategice飴ctsfromsubsequentresearch．40urresultsdi鮎rinthatweexplicitly
incorporatetheuncertaintyassociatedwithdevelopmentoftmiversityinventionsand
Wed）StraCt丘omstrategicissues．
Finally，WeCOntributetotheempiricalliteratureonthee鮎ctivenessofpatents
inappropriatingreturns丘omR＆D．Muchofthisworkfocusesonthee艶ctiveness
Ofpatents relativeto other medlanisms anddifferencesin approprid）ility across
industriesandcountries（see，forexample，Levinetal．，1987，Coheneta1．，1998，
andCohenetal・，2000，LanjouxandCockburn，2000）．Whileafewstudiesexamine
Whether products or processeswouldnot have been developedinthe absence of
patents（ThylorandSilberston，1973，ManSfield，1986，andMansfieldetal．，1981），
theirevidenceisbasedonperceptionsofR＆Dpersonnelrespondingtosurveys．Tb
Ourknowledge，OurSistheonlystudytodirectlyexaminetherelationshipbetween
patentcharacteristicsandcommercializationorterminationofprojects．
2　The Model
In this section，We COnSider the problem faced by afirm that haslicensed auni－
VerSityinventionwhichrequlreSfurtherdevelopment beforeitcanbesuccessfully
COmmerCialized．Weassumetha七thefirmhasanexclusivelicensea伊eementWith
theuniversitysothatifdevelopmentissuccessfu1，itwillearnmonopolypro丘tsper
perioduntilthepatentexpires，WhichoccursatL≧2．5Theageofthepatentat
thetimeoHicenseisgivenbya，a∈（0，…，LI，andlicensingperiodsareindexed
byt，Wheret∈（0，…，L－a），SOthata＋trepresentspatentageinperiodtofthe
hcense．
Tbsuccessfuuycommercializetheinvention，the丘rmmustinvestcperperiod．
Thisrunmingdevelopmentcostincludesnotonlyinternalcostsbutalsopayments
totheuniversity，SuChasmi1estones，minimumrQyalties，andsponsoredresearch．
Thereturnst．othisinvestmentareuncertainforbotht．edlmicalandmarketreasons．
Inarecentsurveyofbusinessesthatlicense－inuniversityinventions，Thursbyand
Thursby（2003）foundthat46％ofal1inventionslicensedfailandofthese47％fai1ed
4KamienandSchwartz（1974）findanegativerelationbetweenriValryandthemagnitudeof
hnovation．
5Asamatterof魚肥t，上＝17．
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forpurelytechnicalreasons．ThisisnotsurprlSlngSinceroughlyhalfofuniversityin－
ventionslicensedarenomorethanaproofofconceptatthetimeoflicense（Thursby
etal・，2001）・Moreover，definingmarketopportunitiesforearlystageinventionsis
high1yuncertain，SOmuChsothatmanyuniversityinventionsendupwithapplicar
tionsthatwerenotevenanticipatedatthetimeoflicense（Shane，2000，andThursby
andTlmrsby，2002）・
Wedenotetheprobabilitythe丘rm’sdevelopmente銑）rtissuccessfu1bypf∈［0，1）
∀t．6Thisfunctionrepresentsthetechnicalprobabilityofsuccess．Whileinvestment
maynotincreasetheprobabilityofsuccessinanyPeriod，itisnaturalto assume
thatpflSnOn－decreaslng・The丘rmwouldnotinvestunlessthiswerethecase・7we
furtherassume，aSWebelieveisintuitive，thatforanySequenCeOfprobabilitiesof
SuCCeSStpn）吾＝0，theprobabilityofofsu？CeSSgrOWSata丘niterate，thatis，慧is
finiteforeveryn・8
Supposethefirmissuccessfu1inperiodt，thenexpectedcumulativediscounted
profitisgivenbyh．t（6）where6isthediscountfactor（6＝（1＋r）－1andr＞O
istheinterest rate）・Thus，fromthefirm’sperspective，inanyperiod before t，
丘a＋f（6）isarandomvariablewithcumulativedistributionfunctionFl＋tOnthein－
terval［0，司．weassumethatthesetofpossibleprofitrealizationsisidenticalfor
allpatentages，buthighrealizationsaremorelikelytheyoungerthepatent．9Fbr一
mally，FL（B）≦PL＋1（B），∀n・Thedistributionofpro丘toutcomeswhenthepatent
isnyearsold丘rst－Orderstochastical1ydominatesthedistributionofpro丘toutcomes
Whenthepatentisn＋1yearsold．Thisreflectstwoaspectsofthepatent aglng：
first，thenumberofperiodsthe丘rmcanearnmOnOpOlyprofitdeclines，andsecond，
theprobdbilitythatacompetingfirmwi11commercializeanon－infringingsubstitute
6Thisisanimportantdi飴rencebetweenoufmOdelandthatofHorowitzandLai（1996）who
considerinovat．ionsthat areasuresuccess．
7Thusweassumeptisthetrueprobabilityofsuccess・Analternative，adldmorecomplicated
model，WOuldallowthe鉦m’SperCeivedprobabilityofsuccesstodifFerfromthetrueprObabilit．y．In
thatcaSe，investmentcouldyieldpositiveornegativeobservationswhichwouldbeusedtoupdate
thefirn，sperceived（prior）probal）ilityaccordingtoBayesRule・
8Thisrul塔Outtheprobd）ilityofsucc題SJumpingfromanamouDtarbitrarilyclosezerotoa
non－zerOam0unt．Weassumethatisptiscloset，OzerO，t．hensoispt＋1．
9Itisnotexcludedthatsomeoftheoutcomesintheintervalwilloccurwithzero－prObabilityfor
somepatent喝塔・WearethinkingparticulBLrlyaboutlow（high）outcomesforlow（high）patent
ageS・
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increases（therebyreducingmonopolyprofit）．Definepn＝ELl丘n］，WhereEListhe
expectationoperator．Thesubscriptnindicatesthattheexpectedvalueiscomputed
usingFL．Wbdenotethesequenceofexpectedprofits，tFLn）器5，by7）．Givenour
assumptiononthedistributionfunction，Pnisnon－increaslnglnpatentage．
Ifthefirmissuccessfu1，itsellsimmediately．Thereareseveralreasonsforthis
assunption．Oneisthatitgreatlysimplifiestheproblem．htheAppendixweshow
howthefirm’sproblemchangeSifitcandelayselling．Second，andmoreimportantly，
theoverwhelmingmajorityofuniversitylicenses（andalmostalloftheMITlicenses）
includeminiTnumrOyaltiesormi1estonepaymeI止sdesignedtopreventlicenseesfrom
delayingcommercialization（Thursbyetal・，2001）．Thesepayments，Whichwedenote
bym≦C，re且ect，universityattemptstoensurethatthefederalgovernmentdoesnot
“march－in”and exerciseits righttofindalternativelicenseesifit deemsthat the
licenslngfirm“hasnottaken，Orisnotexpectedtotakewithinareasonabletime，
e鮎ctivestepstoachievepracticalapplicationofthesubjectinvention．”10Inthe
COnteXtOfou∫mOdel，theassumptionthat FL（B）＝0foreveryB≦6FLn＋1－m
guaranteeSthatthefirmhasnoincentivetodelaycommercialization．
Thefirm’sproblem，then，isanOptimalstopplngprOblemsimi1artothatanalyzed
byRobertsamdWeitzman（1981）．11simplyput，the丘rm，soptimaldecisionruleis
to continueinanyperiodwith apositive continuationvalueandstop as soon as
the continuationvaluebecomes zero．Using dynamic programming，thevalueof
COntinulngatanytifthefirmstartedtolicensewhenthepatentwasayearsoldcan
10seesection2030ftheBayhDoleAct・Ifthetermsofthecontractperfectlyenforce〃commer－
Cialization”onewouldexpectmarch－inrightsnottobeexercised，andinfhcttheyhavenot．Inthe
publicpolicydeba七esoⅦrBayhDolerevision，RaiandEisenberg（2002），arguethatthemarch－in
provisionsshouldbestrengthened・
110uImOdelissimⅡartotheirsequentialdecisionprocess（SDP），althoughintheirmodel，the
SDPmtlStgOthroughadeteministicnumberofstagesbeforecompletion・houfmOdel，inevery
period，thereisapositiveprobabilitythatthecurrentperiodistheperiodofcompletion．hthis
SenSe，OtlrmOdelbearsmanysimilaritiestoGrossmanandShapiro（1986），buttheirfoctlSison
OPtimaldevelopmentexpenditure，ratherthanoptimalstopplng・Theyassumethevalueofinvesting
ispositivethroughoutsothatten血ationisnotanissue・KamienandSchwartz（1971）exmie
Similarproblemsundervariousassu皿Ptionsabouttheprobd）ilityofsuccess・Optimalstopping
problemshavealsobeenexaminedinthecontextofsearch（seeLippmanandMcCal1（1976））and
d凪】Sionofinnovation（seeJensen，1981；2003）・
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bewritt，enaS：
轄（叩叶f；α）＝maXt彿吼両＋（1題釣）紺轄（£＋1血潮榊）－C，0），（1）
WhereHa＋土istherealizedvalueofprofitinperiodt．Theexpectationistakenover
Ila＋t＋1andaistreatedasaparameter・Theterminalconditionthatensurestha尤
thedynamicprogrammlngprOblemiswell－definedisIIL＋1…0．Whenthepatent
explreS，Cumulativeprofitsfhllto2；erOWithprobabilityone．Giventhatsuccessdid
notoccurint－1，（1）saysthatthevalueofcontinuingisequaltothemaximun
OfO，inwhichcasethe丘rmterminatesthelicense，andprofitifsuccessoccl∬SPlus
thevalueofcontinulnginthenextperiodifdevelopmentisunsuccessfu1，minusthe
developmentcostpaidinthecurrentperiod．WeassumethatE轄（0，fi。；0）＞Oto
ensurethattheinventionhasapositivediscountedexpectedvalueoveral1．
Theoptimalterminationruleissimple：“Continuetoinvestaslongastl＞0．
As soon astt dropslo2：erO，lerminate thelicense．”Thereforetheprobabilityof
terminationconditionalonneithertermination，nOrfirstsale，OCCurrlngbeforefis
givenbypf（t；a）＝Pr（轄（t，Ila＋t；a）≦0）＝FL＋t（B（t；a）），Where：
β（ちα）＝
C－（1－pf）相場（ま＋1，元帥十Hα）
pt
（2）
B（t；a）measuresthenetexpectedcostofcontinuingatperiodt，thatisthedeve1－
0pmentCOStnetOfthediscountedexpectedvalueofcontinulnginthenextperiod，
discountedbytheprobabilityofsuccessinthecurrentperiod・12
homl仁（L＋1－a；a）…0，itfollowsthatthe丘rmterminateswithprobabilityone
atL＋1．Usingthisfact，theoptimalstopplngruleandfirstsaledecisiongenerate
awell－definedprobabilitydistributionoverterminationdatesint0，…，L＋1－al：
量－1
巧（如）＝pl（恒）H（1一助）（1－pl匝；α））・　　　　（3）
た＝O
Simi1arly，theoptimalfirstsaledecisiongenera七esawe11－definedprobabilitydistri－
butionoverdatesof丘rstsaleinf0，．．．，L＋1Tai：13
t－1
烏（如）＝p鵡α）H（1一助）（1－p′（如））・
た＝0
（4）
12wesuppreS38丘a＋tlaBaUuargu皿entfromB（t；a）andthehazardhnctionBdefinedbelowfor
notaAionalconve血ence．
13現恒）≦1brⅥ町tmd∑霊＋1坤；瓜）＝1，i＝わ．
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Thejointsurvivalfunctioninperiodtistheprobabilitythatthefirmhasneither
terminated，nOrCOmmerCializedinanyPeriodk∈（0，・．．，t－1）．Inthecontextof
OurmOdel，itisglVenby：
t－1　　　　　　　　　　　f－1
S（如）＝n（1－pた）（1－pl（た；α））＝H（1－pた）（1一馬十七（β（如）））・
た＝0　　　　　　　　　　た＝O
Thehazardoftermina七ioninperiodtistheprobabilitythatthe丘rmterminates
inperiodtgiventhatitneitherterminated，nOrCOmmerCializedbeforetandisglVen
by：
柚α）≡豊 ＝pバちα）＝凡十七（β（如））・
Similarly，thehazardoffirstsaletisgivenby：
柚α）≡豊＝幽）＝（1－痢α））pf・
（5）
（6）
（6）representstheprobのilitythatthefirmcommercializesinperiodtconditional
Onthefirmnothavingcommercializedorterminatedbeforet．Itisstraightforward
toseethat both hazardratesmaydecreaseorincreaseasapatent ages．Ceteris
Paribus，anincreaseinaincreasesboththehazardofterminationandthehazardof
丘rstsalebecauseitincreasesthenetexpectedcostofcontinuinggivenby（2）・The
qlleStionofinterest，however，ishowthehazardratesdlangeOVertimeglVena．
3　Comparativestatics
Comparativestaticsallowustoexaminethee飴Ctofpatentage，eXpeCtedprofit，and
theprobabilityofteclmicalsuccessonthefirm’sdecisions．Notsurprisingly，param－
etersthatincreaseexpectedcumulativeprofits（suchaspatentscopeandstrength）
decreasethehazardofterminationregardlessofpatentage．Conversely，parameterS
thatdecreaseexpectedprofits（suchas丘nanCialconstraints）increasethehazardof
terminationregardlessofpatentage・Therelationbetweenpatentageandterminaー
tionlS，aSeXpeCted，mOreCOmPlex．Thefactthatan01derpatentprovidesexclusive
legalrightsfbrfewerperiodsprovidesanincentiveforthe丘rmtoterminatesooner
thanifitheldamorerecentpatent．However，thefirmismorelikelytobesuccessful
atdevelop皿entthelongerithasinvested，SOthatthee鮎ctofpatentage（a＋t）on
8
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thehazardofterminationmaybenon－mOnOtOnic．Finally，WeShowthatthehazards
Ofterminationandfirstsalecanbeinverselyrelated．
3．1　Tbrmination decision
Consider，first，theefEbctofamorefhvorabledistributionofpro丘toutcomesonthe
hazardoftermination．Propositionlbelowsaysthatfortwodistributionsofprofit
outcomesassociatedwithaninvention，thehazardofterminationislowerinevery
periodforthedistributionwithbetteroutcomesthanfortheotherdistribution・
Propositionl Givenaand6，げtF告忘。andtFLl忘。areSuChthatjbreveryn，
♪ニ（〃）く耳－（β）、∀・Y・／／′・／川：りドパイ！げ′′′′′…！′り′′′ヾ／り′ハ′－′ノ！！′・・ヾ・・1′…＝‥両用亜
強面血血孤高川面的軸（駕）莞＝。血的軒か恒画的軸（凡）忘。・
Thusanythingthatimprovesthedistributionofprofits，SuChaswiderpatentscopeor
greaterstrength，Wi11providehighercontinuationvaluesonaverageineveryperiod
ofdevelopmentand，therefore，alaterterminationdatewithlowerprobabilityof
OCCurrenCe．
Ceterwparibus，factorsthatincreasethe丘rm’sd）ilitytoappropriatereturnsfrom
investmentintheinventionwillhaⅥeapOSitivee鮎ctoncontinuationindependentof
patentage．Itisimportanttonote，however，thatpatentcharacteristicsassociated
withexpectedprofitsmayhaveambiguousefEbctsoncontinuation・Fbrexample，
inventionswithfewercitationstoprlOrartaremOrenOVelandmaycommandhigher
monopolyprofit，buttheirdevelopmentismoreunCertain．AssumlngthatlessprlOr
artincreasesthesequenceofexpectedprofit，7），anddecreasestheprobabilityof
successinthe丘rstlicensingperiod（po），thee簸∋CtOnthehazardofterminationis
ambi訂10uS．
ThesameObservationcanbemaderegardingcomparativestaticsoninvention
characteristics，SudlaSWhethertheinventionradical1yimprovesuponexistingprod胃
ucts orprocesses．Radicalinventions aretypically more di伍cult to develop，but
yieldhighermonopolypro丘tifsuccessfu1．Inthemodel，mOredincultdevelopment
canberepresentedbyahigherc，holdingthesequence tpn）宗吾constant，Which
wouldincreasethehazardoftermination．OIltheotherhand，higherprofitability
maycounterbalanceoroverturnthee鮎ctofhigherdevelopmentcost・S・Therefore，
ー103－
itisnot clearwhetherhigherradicalityshouldincreaseor decreasethehazard of
termination．
InProposition2，WeCOnSiderthee鮎ctofthediscountfactor6．Thetraditional
interpretationfor6isthatitmeasurestheinterestforgonebyinvestingintheproject
foronemoreperiod．Alternatively，WeCanView6asameasureoftheinterestrate
paidbythefirmonloansassociatedwiththeinvestment，Withalower6representing
ahigherinterestrate．Proposition2followsfromtakingtheviewthat6represents
theimportanCeOffinanCialconstraintsfacedbythefirm：
Proposition2Gwena，Jirmslhathcelooserβnancialconstraintshavelowerhaz－
りバ、可／・川1川り！／＝〃．
Proo£SeeAppendix．
Finally，WeCOnSidertheeffectofpatentageonthefirm’sdecisiontoterminate
thelicenseinaparticularperiod．Holdingtconstant，Simplecomparative statics
showthat警≧0・Therefore，lnanyglVenperiod，alicenseexecutedforanolder
PatentWillhave ahigherprobabilityofterminatioIlandthus，ahigherhazardof
termination．However，timemayhaveapositive e鮎ct onthecontinuationvalue
throughincreaseddevelopmente簸）rt，Orahigherprobabilityofsuccess．
Proposition3Giventhepar・ameterSqfthemodel，Uthedwtrlbutionqfpr訴tout一
川J／肥、JJりJ′！1・L、／…ド小′ド′！／り〃バ川！り！J‥川′1仙／りり／〃ル／／中！可！・バ川／川／・叫…・ヾヾ／・ヾ！0′ド
り／ハ1川ドハ小・・、・、／…バ′！川′！／り／！′／、／！J川／！′・！′りこりJパパ′・川′川り／…／＝1日・J川．ヾ・・ヾ′ド／／／り一り／川／
り！／‥月！′′！′り／川／′、！ノ朝′り1・（舶げ′仕ヾ・、！／白！川ごりバ可、／げ川′′川／！刷′′けハり帖、′ブ′！／′／一り／川ブ
αダe・
ProoL SeeAppendix．
PatentagehasanambiguousefEbctonthehazardofterminationbecauseofthe
twoopposingdimensionsoftime．Astimepasses，thechanCeSthatthefirm’sinvest－
mentwillyieldahighlyprofitableproductdecrease（Fl＋t）astheperiodsremaining
Onthepatentdecrease（EmdthereforethelengthoftimeitcanearnmOnOPOlypro丘t），
buttheprobabilitythattheinventionwillleadtoaproductincreases（pt）．Inorder
forthehazardofterminationtodecreaseoverti皿e，it must bethecasethatthe
lO
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positivee鮎ctoftheincreaslngprObabilityoftechnicalsuccessovertimeoutweighs
thenegativee鮎ctofthedistributionofprofitoutcomesovertime・Thissuggests
thatifthehazardofterminationeverdecreaseswithpatentage，thenitmustbefor
lowpatentages，Whenthefirmstillexpectsrelativelyhighcumulativeprofits，and
theinventionisatanearlystageofdevelopment．
3．2　Commercialization decision
Recal1fromSection2tha上terminationandthedateoffirstsalearecloselyrelated．
Moreprecisely，thehazardof丘rstsaleincreasesifthehazardofterminationdecreases・
Therefore，anincreaseinexpectedprofitthroughoutthelifeofthepatentdecreases
thehazardoftermination，andthusincreasesthehazardoffirstsale，foreverypatent
age・
Proposition4（；／ド（，lαtJlI・］61IftF：た。・JIIt／tE；JtーO・JIY・＜lI・lhIIllII．／lげII・”・！／
冊，駕（β）≦凡（β），∀ズ　兢e　αZαブ　イ　rSfs肺の軸旋rげ娩ese視emCe可pr可記
′仙ブ′／川！′り′′・、′・ヾ！！′′川／′′／†駕たし，／1川′′車／′・、！／′川毎日弯JL。・
Tbtheextentthatwiderpatentscopeorstrengthincreaseexpectedprofits，itfo1lows
thattheyincreasethehazardoffirstsaleforeverypatentage．
Thehazardoffirstsalethereforeincreaseswhenevertheprobabilityof丘rstsale
increases．Itdecreases，however，Onlyiftheprobabilityoffirstsaledecreasesenough．
InaglVendevelopmentperiod，Olderpatentsrepresentedbyahigherahavealower
hazard offirst sale simply because the probability that thelicense has not been
terminatedbeforereachingthisdevelopmentperiodislower．Thee鮎ctofdevelop一
mentforaglVenagea尤theti皿eOfthehcenseisambiguous．Wehavethefollowing
proposition：
Proposition5cm）en the parameters qfthe model，げthe hazard qFtermination
′1・ドハ佃・ヾ〃・′接1〝バ川／りタ′、／！′り′／／′′／川二′…hイ有川「…／HrH・J川．、′バ′ド／！／り〝バ川／り中．小
柄／川こ〃ハ1可／げJJH川′1日／J川川rJ・…′J油日－′バ川1′ノダ′、待・／川こりノバ′一律J・・ヾ「ヾり！＝川品h！／17
川り川・、′車力・／りのり／′1／中／可′仕／川／川／・、11…・ヾ・、川ド／川・ヾ・‥′胼川JJ軸．ハハ1．
ProoflSeeAppendix．
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Notethatevenifthehazardofterminationincreaseswithpatentage，thisisnot
Su伍cientforthehazardof丘rstsaletodecreaseforal1patentages．
In summary，the modelimplies a strong relationship between the hazards of
terminationand丘rstsalebecauseofthetimingofdecisions．We丘ndthatbetter
appropriabilityinthesenseofwiderpatentscopeormoree鮎ctivepatentsincreases
boththehazardofterminationandthehazardof丘rstsale．Ontheotherhand，
betterappropriabiltityasmeasuredbytheageofthepatentcanhaNenOn一mOnOtOnic
effbctsonbothhazardfunctions．Thisambiguitycomesfromtheopposmgefbctsof
COntinuedinvestmentontheteclmicalprobabilityofsuccess（apositivee鮎ct）and
thedecreaseinthenumberofperiodsleftonthepatent（anegativee鮎ct）．Theshape
OfthehazaJdfunctionsovertimeisthereforeanempiriCalissue．RecaⅡ，however，
thatourassunPtionsontheprobdbilityofteclmicalsuccessarebasedonempirical
evidenceontheembryonicnatureandhighhilurerateofuniversityinventions．Ifwe
WeretOaSSumethattheprobabihtyofsuccessisinitial1yclosetozero，butincreaslng
OVertimeatadecreasingrate（i・e・，diminishingreturnstodevelopment），thenone
WOuldexpectthehazardofterminationtodecreaseinitiallybuteventuallyflatten
Outandperhapsincrease．
4　Data
ThedatausedtotestthemodePspredictionswerecol1ectedfromtheTbclm010gy
Licensing O皿ce（TLO）at the MassachusettsInstituteofTbclmologyon patents
asslgnedtothehstitutebetween1980and1996andsubsequentlylicensedexclusively
toprivatesectorfirms．ThedataincludeaupatentedinventionsbyMITfaculty，Sta∬
andstudentsfrom1980through1996thatwereasslgnedtotheInstituteandlicensed
exclusivelytoatleastoneprivatefirm．
OurdataisanunbalanCed，rightcensoredpanel．Wehaveyear1ydataforeach
attemptfromthedateofthecontractualagreementonthepatentuntiloneofthe
threeeventsoccurs‥itisrightcensored（in1996），itisterminatedoritiscommercial－
ized．AnobservationbeginstheyearthatMITTLOrecordsindicatethatafirm丘rst
licensedapatent・WecodeTERMINATIONaszero，eXCePtintheyear（ifany）that
MITTLOrecordsindicatethatthelicensmgagreementbythegivenfirmnolonger
COVeredtheinventionorifthepatentexpired，therebynegatingthehcense．Wecode
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FIRSTSALEaszero，eXCeptintheyear（ifany）thattheMITTLOrecordsindicate
thatthefirstdollarofsalesfromaproductorserviceembodyingtheinventionwas
achieved．
Sinceourtheoreticalmodelprovideshypothesesregardingthebehavioroffirms
Withexclusivelicenses，WeCOnditiontheempiricalanalysisontheTLO havingli－
censedtheinventionexclusively．Thereare805exclusiveattemptscorrespondingto
2845periodsinwhichlicenseswereathaz訂d・14Whileitisplausiblethatlicenses
areterminatedaftercommercialization，theMITlicenslngOfEcereportsthatthisis
arareevent，andhencethisinformationwasnotcollected、Thatis，WeOnlyobserve
thefirsteventtha七OCCurS．Theanalysisbelowpredictsthelikelihoodofthefirst
eveI血15
TbblelreportstheunCOnditionalsurvivalratesandtheextentofrightcensorlng
forthesampleofpatentslicensedexclusively．Firstandforemost，firmsarefarmore
likelytoterminatelicensesofpatentsthansuccessfu11ycommercializethem（288
terminationsvs・168successes）・ThetablealsosuggeststhatunCertaintyassociated
WithaninnovationisgeIlerallyresoIvedinthefirst5years oflicense．Notethat
丘omthe6thyearon，theconditionalprobabilities arebaseduponsmal1samples．
85％oflicenseseitherleadto commercialization or areterminatedby the end of
period5and90％oftheobservedeventsoccurinthefirst丘veperiods．Weobserve
Only2events afterperiodlO．Figu∫el showsthereduced－formeveI止hazardsof
terminationand commercialization．Thesparsenessofthisright tailimpliesthat
thereislittleiIlhrmationonwhichtoestimatethebaselinehazard．Therefore，We
recodedallobservationsthatsurvivedmorethanfiveperiodsasrightcensoredafter
fiveperiods．Thus，inadditiontotheobservationsthatareright－CenSOredafter1996，
wecensored anadditional740bservations．
ThisdoesnotmeanthatunCertaintyisresoIvedwithin丘veyearsofissuanCeOf
apatent．Asisevidentintable2，itisnotuIICOmmOnforpatentsofmediumage
tobelicensed，althoughthisisveryunCOmmOnforoldpatents．Itisnotuncommon
forlicensestosurvivewellintopatentlifebeforefirstsaleortermination（tal）le・3）・
14Althoughweleavetheiz・analyBisforfuturework，thereareonly163non－eXClusivelicen記Sin
thehllsample．VeryfewpaAentsarelicenBedexcluBivelyinal1丘eldsofuseandalmostnothingis
licenBednon－eXClusively．Itisstraightforwardtode丘nea丘eldofuseandthescopeofafieldisvery
flexible，SObothsideSaregenerallyd）let，OagreeOna丘eldofuSeinnegotiation．
15codingofcommerciah2；aAionwaBStraightforwa∬d，aSthisisdirectlyreportedintheMITdata．
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85％oflicensesareresoIvedbeforepatentsreachagell．
Thevariationinpatentageatthetimeoflicenseallowsustodistinguishbetween
theefbctsoftheageofthelicenseandtheageofthepatentonthehazardsoffirstsale
andtermination・Theformeraremeasuredinthebaselinehazardestimates，While
thelatter are measuredin the coe凪cients on age．This distinctionisimportant
becausethe ageofthelicensecapturesthee鮎ctsoffirmlearnlng．Ifthee鮎cts
Ofpatent ageonfirst saleandterminationare aSpredicted，thismeanSthatthe
effbctsexistevenafterthee鮎ctsoffirmlearnlngaboutthecoIIlmerCializationofthe
tedlnOlogyhavebeencontro11edfor．
1hble4showsdescriptivestatisticsforouranalysis．WeincludeseveralⅤ甜iables
inourregressions・WemeasureAGEOFPATENTasthenunberofyearssincethe
patentwasissued．
We employ severalcomplementarymeasures to controlforthe quality ofthe
Patent・First，WeuSeLerner’S（1994）measureofPATENTSCOPE，Whichisbased
uponthenumberofinternationalpatentclassificationsfoundonthepatent．Lerner
（1994）findsthatthismeasureisassociatedwithvariousmeasuresofeconomicim－
portanCe：firmvaluation，likelihoodofpatentlitigation，andcitations．Heargues
thatitrepresentsbroaderscopeofthemonopolyrightscoveredbythepatents．As
impliedbyPropositionsland4respectively，PATENTSCOPEshouldbenegatively
relatedtothehazardofterminationandpositivelyrelatedtothehazardoffirstsale．
Second，PRIORARTCITEDmeasuresthenumberofpriorpatentscitedbythe
focalpatent．OuttheorylSambiguousastotheexpectedsignsofthecoe伍cients
Onthisvariable．Adecreaseinpriorartisassociatedwithmorenovelandhence
moreriskyknowledge，Whichshouldincreasethehazardoftermination・However，a
decreaseinpriorartexpandsthescopeofthepropertyrightscoveredbythefoCal
patent，Whichshoulddecreasethehazardoftermination，Ceterisparibus．
Third，WeemPloy4measures丘omtheYalesurveyOninnovation（Levinetal・，
1985；Levinetal・，1987）・Thesemeasuresarederivedh・OmmanagerSOpinionsas
tothee鮎ctivenessofdi鮎rentmechanismsusedtoappropriatethereturnStOinno－
VationforprocessorproductR＆Dinalineofbusiness．ThemanagerSWereaSked
toratemechanismsonsevenpointLikertscales・Themechanismsare：patentSpre－
Ventduplication；patentSSeCurerOyaltyincome，SeCreCy，leadtime，mOVingdownthe
learnlngCurVe，andcomplementarysalesandservicee伍）rtS．WemeastlrePATENT
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STRENGTHastheaveragescoreforbothpatentmeasuresforproductandprocess
innovations．AswithPATENTSCOPE，PATENTSTRENGTHshouldbenegatively
relatedtothehazardofterminationandpositivelyrelatedtothehazardoftermi－
nation・UsingtheYdesurveymeasures，Wealsoexaminethee飴ctsofSECRECY，
LEADTIMEandmovingdowntheLEARNINGcurveaStheaveragescoreoneach
dimensionforproductandprocessinnovations．WematchtheYdesurveyline－Of－
businessscorestopatentsbyusingtheYdesurveyconcordancewithSICcodesand
theUSPatentandTrademarkO伍ce’sSIC一七0－patentCOnCOrdanCe．
WeincludeseveraladditionalcontrolvaJiablesinthehazardpredictions．These
Variablesarealldesignedtocontrolforthecommercialaspectsofdevelopment．First，
WeincludeadummyvariablethattakesthevalueoneifthelicenseeisaSTART－
UP，Whichwedefine as acompanynOtinexistencepriortothelicenslngOfthe
Patent．STARTUPshouldinfluencethetermination，Whichcouldoccurifthecom－
Pany，ratherthanthetechnologyfhiled．Thereismuchadditionalriskassociated
withcommercializingthroughastartupthatisassociatedwithsettingupthenew
firm’sinfrastructure，andstartuPSmayalsobeliquidity－COnStrainedrelativetoes－
tdblishedfims．These fhctors suggest that newfirms should discount thefuture
heavily．Proposition2impliesthatthesefactors shouldincreasethelikelihoodof
termination．Recallfrom section2that thisimpliesthat thehazard offirst sale
Shouldbedecreaslnginthesefactors．
Second，WeCOntrOlfortheRADICALNESSoftheinvention．FbllowingShane
（2001）and RosenkopfandNerknr（2001），WemeaSure the RADICALNESS as a
COuntOfthree－digitclassesinwhichpreviouspatentscitedonthefoCalpatentare
found，buttha七thepatentitselfisnotin．Fbllowingourdiscussionofpropositionl，
WehavenopriorexpectationoftherelationshipbetweenRADICALNESSandthe
hazardofterminationandcommerciahzation．Radicalteclm010giesaremoredi丘cult
todevelop，butgeneratemoreprofitiftheyaresuccessfullydeveloped．
Third，WeincludeaduⅡ1myVariablethattakesthevalueoneiftheresearchthat
ledtotheinventionwasindustryfunded・Industryfundedresearchismorelikelyto
bedirected，inthesensethatfirmsarelikelytoexpecttangiblebeneficialresultsfrom
theresearchortherelationshipwiththeinvestigator・Indeed，GoldfhJb（2002）and
Mansfield（1995）bothfindevidenceconsistentwiththeideathatthecongruenceof
researchgoalsisanimportantCOnSiderationintheresearchgrantmatchingprocess．
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WeexpectthatINDUSTRYFUNDINGshoulddecreasethehazardoftermination，
andincreasethehazardoffirstsale．Firmsshouldbelesslikelytoterminatee瓜）rtStO
C9mmerCializeinventionsfundedbythemselvesorcompetitor丘rms，aStheresultsare
likelytobemorecloselyrelatedtotheirstrategicgoalS・Likewise，WeShouldexpect
thatindustryfundedresearchismorelikelytoresultinacommercialproduct，aS
resultsstemmlnghlOmSuChresearchwouldbemorecommercial1yrelevant．
Fburth，Weincludeameasureofapatent’sGENERALITYfollowingHal1，Ja艶
andTratjenberg（2001）．
†ll
CβⅣβRAム∫ブ名＝1－∑S右
t
（7）
Wheresijisthepercentageofcitationsreceivedbypatentithatbelongtopatent
Classj out ofnipatent Classes．A highscore suggests that apatent hasbeen a
COmpOnentOfinventionsinmanydi鮎rentpatentclasses，andhencemoregeneral．
Ifmoregeneraltechnologiestakelongertoapplytoparticular applications，then
weshouldexpecttheterminationandcommercializationdecisionstobemademore
slowlyforgeneralinventionsthanforlessgeneralones・
Final1yweincludeTECHNOLOGYCLASSdummies．FbllowingtheHal1，Ja鮎，
andTrajtenbergclassificationofpatents，Webreakthepatentsintofivecategories：
drugs，electronics（includingcomputersandcommunications），ChemiCalS，meChaLnical，
andother．Wemight expect drugStOtakelongertoreachfirst saledueto FDA
regulationsthan，Say，medlanicaldevices・16
5　EmpiricalResults
OuTtheorymodelstheempiriCalrealityinwhidlattemPtStOCOmmeTCializepatented
inventionsareeithersuccessfu1，inwhichcaseweobserveafirstsale，areterminated
byeitheroneofthepartiesofthelicenseorbydefhltifthepatentexpires，Orare
retainedwithneithereventoccu∬lng．Theappropriateempiricalmodelforthisisa
COmpetingrisksmodelwhichmustadjustforrightcensorlngandthediscretenature
16Reducedfomhazardratiossuggestthateventpatternsinthevariouscategoriesaredistinct・
Fbrexample，licen記SOfdrugpatentStendtosurvivelongerthanothertypesofinventions・Unfor一
七unately，thedatadonotauowuStOeCOnOmetricdlydistinguishthesedi飴rences・
16
ー110－
ofthedata．FbrdetaileddescriptionsofcompetingrisksmodelsseeKalbfleischand
Prentice（1980）andLanCaSter（1990）・Let71bethedurationofapatentthatis
licensed untilfirst saleand77ibethe duration ofalicense untilitis terminated．
DefineT＝min（77，771）andletdfbeanindicatorwhichequalslifapatentiscom－
mercialized（firstsale）fiomalicenseandOotherwise・Letddbeanindicatorwhich
equalslifapatentisterminatedfromalicenseandOotherwise・Only（T，df，dd）are
Observed・BecausedfandddareObservedexclusionrestrictionsarenotnecessaryto
uncoverthelatentsurvivalfunctions，S（kf，kdl3：），ifthereissu瓜cientvariationin
thevectorofregressors3；（McCal11993，HanandHausman，1990）・Sinceourdata
arediscrete，WeemployagTOupeddataapproach（HanandHausman，1990）・Our
modelfollowsMcCal1（1996）・
Theprobabilityofapatentbeingtermina七edfromalicenseconditionalonno
eventsoccurrlngthroughperiodk－1is‥
Pr（77l＝kIX，T＞k－1）＝1－eXp（－OdeXp（αdk＋触；）），　　（8）
where3；isasetofexogenous（possibly）time－Varyingregressors・Similarly，
Pr（Tl＝klX，T＞k－1）＝1－eXp（一OfeXp（αfk＋P13：）），　　（9）
istheprobabilityafirstsaleassociatedwithapatentoccursconditionalonnoevents
occurringthroughperiodk－1．（Periodsubscriptsonzaredroppedforreadabil－
ity．）BecausethetheorydoesnotprovideuswithguidanCeaStOpOSSibleexclusion
restrictions，WeaSSumethatregressors：rareidenticalinbothequations・
Thejointsurvivorfunctionconditionalona；is‥
しβ′圭ぷ（た誹d回＝eXp卜β1∑
たd
exp（αfk＋巧z）－Od∑exp（αdk
r＝1 ＋伽）・（10）
InwhatfollowsletO＝tOf，Od）・αwkarethebaselineparameterSandcanbe
interpretedas：
αひた＝log（上二1人調），
where入W（t）istheunderlyingbaselinehazardfunctionandw∈tf，d）・αdkandαfk
aretherespectivebaselinehazardsandareassumedtofollowa2ndorderpolyn0－
mial．A2nd－Orderpolynomialissu伍cientlyflexibletoapproximateabaselinehazard
hnctionofonly丘veperiods．TlmS
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αひた＝α。た＋α1たた＋α。鳥た2．　　　　　　　（11）
Thevectorsofparameters乱，repreSent thee鮎ctsoftheexogenousvaLriables．
NotethatallcovariatesareconstantexCeptpatentage，yearandinteractionterms
OfthecontroIswithage．Define
巧（た）＝　5（た－1，た一ll㊤）－β（た，た－1lO）－0・5［β匝－1，た－1lO）＋ぷ（た，呵㊤）
一　g匝－1，た恒）一g（た，た－1）IO］，
昂（た）＝　β（た－1，た－1lO）一g（た－1，叫0）－0・5［g（た－1，た－1lO）＋g（た，呵0）
一　g（た－1湖0）一g（た，た－1）固，
島（た）＝　g（た－1，た－1IO），
wherePf（k）istheunCOnditionalprobabilityoffirstsalebythebeginningofperiod
k，1L（k）istheunconditionalprobabilityofapatentbeingterminatedfromalicense
bythebeginningofperiodk，and昆（k）istheunCOnditionalprobdbilityofneither
eventoccurringthroughthebeginningofperiodk・Anadjustment，0・5［S（k－1，k－
110）＋S（k，kLO）－S（k－1，kLO）－S（k，k－1lO）］ismadebecausedurations are
measuredindiscretetime．
Akeyproblemidentifiedinthelaborliteraturewithcompetingrisksmodelsis
that whentherisks arenot allowedto correlate，aPOtentialbiasmayarise．Un－
ObserveddeterminantSOfoneevent（firstsale）maybecorrelatedwithunobserved
determinantsofthecomplementaryevent（termination）andduration（decisionto
doneither）・WemightexpectunObservedcomponentssuchasqualityofthepatent
anduncertaintyassociatedwithsuccessofthetechnologytoafFbctbothdecisions．
Inourspecification，theriskscorrelatebyallowlngatWOmaSS－POintdistributionof
locationparameterpairsO4i，OfjWherej＝1，2・Eadlpairoccurswithprobabilityq3・
ThefourlocationparameterSandonefreeprobability areestimatedbythedata．
Thus，
2
炉び錘）＝∑鶴見川Oj）
メ＝1
（12）
Thelog－1ikelihoodis：
Ⅳ‰
log上＝∑∑倶log疏＋侃log脇＋（1－布）（1一弘）log脇・（13）
m＝1た＝1
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foreachoftheRLperiodsofeachoftheNattempts．
Tbidentifythemodel，thebaselinehazardsαfO andαdOarefixedtozero・As
thereisnoconstantintheregression，WeuSedevia七ionsfromthemeansinT．
Wereporttherobustnessofourresultswithrespecttothedi鮎rentmethodol0－
gleSintable5．Theproportionalhazardsmodelsreportedinregressionsalanda2
foreshadowtheresultsofthemoresophisticatedcompetingrisksmodels．Inal，an
eventisterminationofalicense，Whileina2aneVentisthe丘rstsaleofalicense．
Thatis，thefirstmodeldoesnotdistinguishbetweenrightcensorlngandfirstsale，
Whereasthesecondmodeldoesnotdistinguishbetweenrightcensorlngandtermi－
nation．Nevertheless，Wefindau－Shapedrelationshipbetweenthepatent ageand
thehazaJdoftermination andmoreweaklyfind aninverseu－Shapedrelationship
betweenpa七entageandfirstsale・17
Inregression5bwereporttheresultsofcompetingrisksmodelswithindependent
risks．18　Thecoe伍cientsonAGEandAGE2clearlydepictau－Shaperelationship
betweenpatentageandthehazardofterminationtha鳥reachesitslowpointwhen
PatentS are eight years丘omissuance．This relationshipis robust to controlling
forwhetherornotthefirmwasaSTARTrUP，Whethertheresearchleadingtothe
patentwasfundedbyindustry，thePATENTSCOPE，PRIORARTCITED，the
RADICALNESSandGENERALITYofthepatent，POtentialmacroeconomice艶cts
（perioddummies），theTECHNOLOGYCLASSduⅡlmiesaLndtheapproprial）ility
mechanismsthat aree鮎ctiveinthelineofbusiness．
However，OurreSultsconcernmgthein且uenceofPATENTAGEonthehazard
OffirstsaledonotshowacurvilinearrelationshipbetweenPATENTAGEandthe
hazardoffirstsale．InanunrepOrtedregression，Wefindthatifwedropthequadratic
term，thecoe伍cientonpatentageispositiveandsignifiCantWhenrisksarerestricted
tobeindependent．
Inregression5cweallowforcorrelatedrisks・Westronglyrqjectthehypothesis
thatthereisnounObseivedheterogeneity（LRstatistic＝63．24）．19wecontinueto
17NotethatwhereaBinthecompetingriBksregressionswereportestimaAedcoe伍cients，inthese
tworegre貼ionBWerepOrt．theproportionaldlangeinhazardwit，haunitdlangeintheindependent
Ⅵlriable．
18TbmapthisregraSionontothelikelihoodfunction）nOtethatonlyonemass－pOintisallowd，
i・e，Oneted，eflpair・Thatis，WerEStrictα12，α22，021，022andq2tOO・
19ItisinterestingtonotethattheunObservedcomponentsseemtobepositivelycorTelated・We
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robustlyfindtha七thehazardofterminationhasau－Shapeinpatentage，althoughour
Standarderrorsarelargerthanintherestrictedregressions．Similarlytoregression
5b，Wefindevidencethatthehazardoffirstsalehasaninvertedu－Shapeinpatent
ageorisrelativelyflat，althoughherethesignalisslightlystronger，aSthez－Statistic
Onthequadratictermmovesfrom－1t0－1．4．
Intdble6we explore the sensitivityoftheresultsto theinclusionofvari0us
COntrOIs．RegardlessofthecontroIsweadd，We丘ndau－Shapedrelationshipbetween
PATENTAGEandthehazardofterninat．ion．VVeseelittlediffbrenceofthee艶ct
ofPATENT AGE on the hazard offirst sale when we add additionalcollt．rOIsin
regressions6aand6bascomparedtoregression5C．
Onepossibleexplanationforthenullresultsforcommercializationandthesigmif－
icantreSultsforterminationisthattheyareartifactsofdi飴reI止commercialization
horizonsfordifFbrenttechnologies．Thereforeinregression6C，WeinteracttheTECH－
NOLOGYCLASSdummieswithPATENTAGE．Wefindnostatistical1ysignifiCant
di鮎rencesbytechnologyinthee飴ctsofageoneithercommerciali2；ationortermi－
nation．Moreovertheu－ShapedrelationshipofPATENTAGEandterminationis
robusttotheinclusionoftheseinteractionterms．FbrcomInerCialization，theinclu－
Sionoftheseinteractiontermsallowsustomeasurethee鮎ctoftheinverseu，Shaped
relationshipbetweenPATENTAGEandcommercializationwithmoreprecision．In
regression7cthelineaJtermissignificantandpositivewhilethequadratictermis
marginal1ysignificaLntandnegativeatthe90％level．
However，inthecoⅡlmerCializationregression，We臨iltor亘iectthenul1hypothesis
thateachcoe伍cientiszerowhenweaddtime－periodcontroIsinregression6d．Inpar－
ticular，Whenwetakeintoaccountwhetherthedecisionoccurredbetween1980－1984，
1985－1989and1990－1996，thez－StatisticSdroptoabout1．4．Indeed，alikelihoodra－
tiotestfhilstorQjectthehypothesisthatthePATENTAGEandPATENTAGE2
COefficientsarejointlyzerointhisregression．Theresultsforterminationremain
robusttotheinclusionofperiode飴cts．
findthjBreSultweaklyinallmodelsweestimatedwithunobservedheterogeneity．Interpretationof
thisresultdependsonwhatwebe］ieveisunObserved．Fbrexample，ifwearepickinguptlnObserved
quahty，thenwewouldthinkofellBLnde12a占pickinguphigh－qualitypatent．S，ande21ande22aS
Pickinguplowqualitypate血S．ht．hiscasethemodelispredictingmuKhlowerhaza訂dsofevents
withhighqualitypatentSthanlowquditypatents，andthat46％ofthepatentsaJehighqualilか
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Thble7provides arobustnesscheckforthequadraticformoftherelationship
betweenageandtermination，andageandfirstsale．Whenweremovethequadratic
termfromthefirstsaleequationwedonotfindamonotonica11yincreaslngfunction，
ratherwefindazerocoe伍cientonthelinearpatentageterm（regression7b）・Nor
dowefindanyevidenceofacubicrelationship（regression7a）・Ourdatasuggest
thatifthereisarelationshipbetweenPATENTAGEandthehazardoffirstsale，a
quadraticformfitsthedatabest．However，thesignalisweakandourdataaretoo
noisytomeasureitconvinclngly．
Incontrast，thehypothesisthatthePATENTAGEandPATENTAGE2coe瓜－
Cientsarejointlyzerointheterminationequationisrqiectedatthe95％level．In
regression7dweseethattherelationshipisclearlynotlinear．Interestingly，thecubic
formseemstofitreasonablywe11inregression7C．Theshapeofthiscubicfunction
PredictsamodestlyincreasingfunctionuntilapatentisthreeyearSOfagefollowed
byaninverted－uthatreachesaminimumwhenatllyearsandincreasesthrough
theageof17．However，thenullhypothesisthatthecubicformdoesnotexplainthe
dataanybetterdataanybetterthanthequadraticformcannotberQjectedatthe
90％level．
Inaddition，WemeaSuredtherelationshipuslng14ageduInmiesforPATENT
AGEandPATENTAGE2．Applyingal1timeconstantCOntrOIs，theda七apredicta
u－Shapefortermination，andwegenerallymeasurezerocoefhcientsforthehazardof
丘rstsale．20
Inshort，Wearequiteconfidentthatt．hereisau－Shapedrelationshipbetweena
patent’sageandthehazardoftermination，Whereaswefindarelativelyflatrelation－
Shipbetweenapatent’sageandthehazardof丘rstsale．Weo鮎rtwoexplanations
forthisweakresultforthe丘rstsalehazard．The丘rstisthatthereissimplyless
information about．commercializationinthe data thantermination．In tablel we
Seethat18％（1460f805）ofthepa鳥entsarecommerciali2；edbythefifthperiod．Sec－
Ond，thedecisiontosellissubjecttomorehctorsbeyondthecontrolofthedecision
makersthanthedecisiont，Oterminate．Fbrexample，anintenttocommercializecan
beconfoundedbys11ChexogenousfactorsasthestateoftheunderlyingtedlnOlogy
Ormarket dema皿d．Asaresult，itislikely more di瓜cult to measurethe hctors
20Thispattembecomesclearaftersmoothingwiththre計yearmOVmgaWerageS・TheseregressionB
areavailablefromt．heaut，horsuponrequest，．
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thatinfluencetechnologycommercializationpreciselythanthefactorsthatinfluence
license termination．
Webaseouranalysisofthemagnitudeofthee鮎ctsonregression5C．Wereport
themeanPredictedhazardsofterminationandfirstsaleforal11icensesatvarious
Simulatedpatentagesinperiod2．Theresultsforterminationappearinfigure2．A
95％confidenceintervalisalsodepicted．Aswecansee，increasingtheagebyone
yearforapatentofmeanage（5）increasesthehazardprobabilityoftermination
byO．006（sincethemeanpredictedhazardof5yearoldpatentisO．06；thisimplies
a10％decreaseinthepredictedhazard）・Thee鮎ctbeginstoreverseitselfasa
patentreachesage9．InFigure3wepresentthesimilargraphforthehazardoffirst
Sale．Herethehazardoffirstsaleincreasesby7％when－patentageincreasesfrom
age5to6．Thefiguresalsodepict95％confidenceintervalSfortheseestimates．As
expected，theintervalsareattheirnarrOWeStpOintsatthemeanageOf5．Re且ecting
Ourgeneralresults，theyaremudlnarrOWerinfigure2（termination）・
Recalltha鳶propositionsland4giveunaHibiguousimplicationsforPATENT
STRENGTHandPATENTSCOPEonthehazad・dsofterminationandfirstsale，re－
SpeCtively．Acrossallourregressions，Wefindarobustpositivee鮎ctforthePATENT
STRENGTHinalineofbusinessonthelikelihoodof丘rstsaleandarobustnegative
efbct onthelikelihoodoftermination．Because t，hesemeasures arederivedfrom a
Likertscale，Welookate鮎ctofachangeinonestandarddevia元ionfromthemean．
IfmanagerSinalineofbusinessratedtheefFbctivenessofpatentsonestandarddevi－
ationhigherthanthemeanforallotherlinesofbusiness，thehazardoftermination
decreasedbyO・003whichisa5％hazardchange（thisdi鮎renceissignificEmtatthe
99％level）．Anincreaseinonestandarddeviationfromthemeanincreasesthehaz－
ardoffirstsalebyO・004whichisa7％hazardchange（thisdi任erenceissignificantat
the99％level）・Ⅵkalso丘ndarobuste鮎ctofPATENTSCOPEonfirstsaleacross
allregressions，althoughwedonotfindsuchane飴ctontermination．Withregards
topatentscope，ifeachsamplepatenthadspannedoneadditionalcategory，thenthe
meanincreaseofhazardoffirstsalewouldbeO・0290r59％（di丘brencesignifiCantat
the95％level）・AsanticipatedbyourdiscussionofcomparativestaticsinSection
3，Wefindnon－rObustresultsforthee鮎ctsofPRIORARTCITED．Althoughnot
alwaysmeasuredprecisely，patentSthat citemore priorart are mOrelikelyto be
terminated．
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Thoughspeculative，Wealsofindotherinterestingempiricalresults．Aswewould
expect，licensesofinnovationsstemmingfromINDUSTRY－FUNDEDresearchare
lesslikelytobeterminated．Onaverage，thepredicteddecreaseinhazardoftermi－
nationofalicenseofapatentstemmlng丘omresearChfundedbyindustryisO．04
（di鮎rencesigni丘Cantatthe95％level）・Thisreflectsa57％decreaseinthepre－
dictedhazard．Thereisnoconsistentlymeasurablee鮎ctonthehazardoffirstsale．
ThissuggeststhatINDUSTRY－FUNDEDinventionsarevaluable，buttakelonger
tocommercialize．Wenotethatthisresultisconsistentwithfirm’sshelvingindustry
fundedinventions．
OurresultsconcerningthelicensingtoaSTARTUPandbothcommercialization
andterminationareintrigulng．Intのle6wefindthatthehazardoftermination
andfirstsaledecreaseiftheteclmologyislicensedtoaSTARTUP．Thisresultis
sensitivetoallowlngforunobservedheterogeneity，Whereasthefirst saleresultis
sensitivetotheinclusionoftimedummies．Thisresultdoesnotmatdltheprediction
ofproposition2andisleftforh∬therstudy・
Insomeregressionswefindthatteclm010giesthathEWebroaderapplicationsare
alsomoredi缶culttocommercialize．However，thesignificanceofthisresultishighly
dependent onthe specification．Onemight speculatethat the natureofgeneral
teclm010giesissuchtha七theyarefarther丘omacoInmerCialapplication・Thatis，
lessspecializedtechnologiesarelesslikelytobeimmediatelyusefu1・
Finally，teClm010giesthataremoreradicalaLremOrelikelytobecommercialized・
Again，thisresultissensitivetospecification，althoughitdoesnotdisappearwiththe
inclusionofv訂iouscontroIs（seeregression6d）・Eachadditionalthree－digitclassthat
previouspatentscitedonthefoCalpatentincreasesthehazardof丘rstsalebyO・004，
whichis8％．ThisdifEbrenceissignifiCant atthe95％level．Thisresultsuggests
thattheincreaseprofitpotentialofradicalteclm01ogiesoverwhelmstheincreased
riskassociatedwithsuchtechnologies．
6　Conclusions
Inthispaper，WearguethatkeystounderstandingmuchoftheBayh－Dolepolicy
debatearenoneotherthantheproblensofappropridbihtyanduncertaintyidentified
byArrow（1962）nearlyahalfacenturyago・Tbdoso，WeeXamineamodelofexclu－
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SivelicenslnglnWhichaslnglefirmhaslicensedauniversityinventionthatrequires
further developmentin orderto be successfulcommercially．Successis uncertain
for bothteclmicaland market reasons．In eachperiod，thefirm decides whether
toinvestinfurtherdevelopment，therebyincreasingtheprobabilityof（technical）
SuCCeSS，OrtOterminatetheproject．Ifthe丘rmissuccessfulatcommercialization，it
earnsmonopolyprofituntilthepatentexpires．Wethencharacterizethehazardof
terminationandfirstsaleasafunctionofthepatentage，eXpeCtedprofit，andthe
probabilityoftechmiCalsuccess．Parameterssuchaspatentscopeandstrengthwhich
increaseexpectedcumulativeprofitsdecreasethehazardofterminationregardlessof
patentage．Therelationbetweenpatentageandterminationis，however，mOreCOm－
plex．ThefaL：tthatan01derpatentprovidesexclusivelegalrightsforfewerperiods
providesanincentiveforthefirmtoterminatesoonerthanifitheldamorerecent
patent．However，theprobabilitytheinventionwillsucceedteclmical1yishigherthe
longerthefirmhasinvested，SOthatthee鮎ctofpatentage（a＋t）onthehazardof
terminationmaybenon一mOnOtOnic．
Our empiricalresults provide strong supportfor the view that the ability to
appropriatereturnsisimportantforinventionswhosesuccessishighlyunCertain．Wb
findthatincreasedappropridbility，aSmeaSuTedbyLerner’Sindexofpatentscope
ande飴ctivenessofpatentsinalineofbusiness，decreasethehazardoftermination
andincrease the hazard offirst sale．Wbfind au－Shaped hazard oftermination
whichisconsistentwiththeopposingefEbctsoftimeontheprobabilityofsuccess
andappropriabihtyasmeasuredbythelengthoftimeleftonthepatentinthemodel．
Ourresultsonthehazardoffirstsalearelessrobust．Thetheorysuggeststhat，ifthe
firmsellsassoonastheinventionissuccessfulte血ical1y，thehazardsoftermination
andfirstsalewillbeinverselyrelated．IIowever，OuremPiricalresultsshowaflatter
hazaJdof丘rst sde．
Severalcaveatsmayexplainthelatterresult．First，nOtethatourcharacterization
Ofthehazardof丘rst．Saleandt，erminationisbasedontheassumptionthatthe丘rm
introducestheinventiontothemarketassoonasitissuccessfu1．Ifdelayingfirst
Saleis profitable，the hazardfor丘rst sale andterninationneednot beinversely
related，andinfact，WeCannOtCharacterizetherelation．Avarietyofbctorsrelated
to strategicorother aspects ofthemarket could clearlymakedelaying丘rst sale
Optimal．Second，boththetheoreticalandempiricala皿alysispresllmethat丘ms
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licensmgtheseinventionsintendto commercializethem．Whilewebelievethisis
a臨irassumptionglVenthemarch－inrightscontainedintheBayh－DoleAct，itis
possiblethatuniversityattemptstopreventfirmsfromshelvingarenOtperfect．If
milestones or annualfbes are su丘cientlylow，it may be aprofitable strategyfor
firmstomaintainthelicense，preVentingcompetitorsfromhavingaccess（aswould
bethecaseiftheinventionwerereturnedtoMIT）．WhilewecannOteliminatethis
possibilitynoridentifywhenitmightbehappening，WeSuSpeCtthatourfirstcaveat
ismorelikelyglVentheimportanCethattechnologytransfbro伍ces attachto due
diligenceinordertopreventshelving・21
Finally，nOtealsothatwehawepresumedtlmtterminationresultswhenthefirm
decidesnottocontinuedeveloplngaCOmmerCialproduct．However，iftheproperty
rightsareweak，aSWemightexpectinsay，electronicsormechanicalenglneerlngln－
Ventions，a丘rmmaymaintainahcenseuntilcritical，butnon－PrOteCtableknowledge
istransferred，andthendropthelicenseandinventaroundtheinvention・22Hence，
aresultofaterminatedpatent（license）isnotnecessarilyindicativeoflackoftech－
nologytranSfer，OrOfatechnologyfailureingeneral，eXCeptinthesensethatthe
university，andperhapsinventorifacomplementaryconsulting arrangement does
notexist，Willnotreceiverents（HenreksonandGoldfarb，2002）．23
Thesecaveatsaside，OurreSultscontributetothegrowlngliteratureoninnova，
tionbasedonuniversityresearch．Whilemuchresearchhasfocusedon spillovers
throughpublications，COnSulting，and conferenceparticipation（see，for example，
Adams，1990；AgrawalandHenderson，2002；Cohenetal．，1998；Ja鮎，1989；ManS－
21RecallthatThursbyetal（2001）foundthisintheirsuⅣeyOf62universities．Intheparticular
CaBeOfMIT，SeVeralcompanieslosttheiI・licenseswhentheydidnot makeannualpaymentsor
臨iledt，Omeet，amilestone．Thisis，Ofcourse，muChmoI・eCOⅡ皿Onwit．hstart－uPSandsmallfirms．
hmanycases，WritingabusinessplanWaSamikstoneandwhentheplanwasnotdelivered，the
fimwouldloseit，Slicense．
22KatharineKu，headoftheStanfordO伍ceofTbchnologyLicensinghasindicatedtotheauthors
thatnotonlydoesthishappen，butitisconsideredfhir－playandnotatallunethical．
23underthei皿Ⅵ双止－arOundscenariotheuniversitymaystiureceiverentsifthelicenseiJmlved
thetranSferofeqtlitytoMrr．InthiscaBereturnSaretiedtopro丘tabilityoft，hefirm，ratherthan
PrOfitabilityofthespeciAchcensedpatent．Sinceeqtityispemanent，MITcouldeamrettlrnBeVen
ifaparticularinventionweretemiated・ThismayexplaindifEbrehtialtlSeOfequityin1icensing
agreementsacrosstypesoftechnology．
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field，1995；andZuckeretal・，1998），relativelylittleempiricalresearChhasexplored
thelicensingmechanism，andinparticular the question ofwhetherprivatefirms
WOuldadoptandcommercializeuniversityinventionsintheabsenceofstrongprop－
ertyrightstoteclm0logy．OurresultssupportthekeyprlnCipleunderlyingtheBayh－
DoleAct．TheabilitytoappropriatethereturnstoinvestmentininnovationenhanCeS
thecommercializationoftechnologylicensedbyuniversitiestoprivatefirms．
Ourresultsalsocontributetothebroaderliteratureontherelationshipbetween
PatentSandinnovation．Gallini’S（2002）reviewindicatesthatthelinkbetweenpatent
lengthandinnovationisaJIlbiguous，ingeneral，butmayhaveaninvertedu－Shape
becauseoftheincentivesassocia七edwithentry．Wecontributetothisliteratureby
Showingthat，eVenWithoutsequentialinnovation，thecombinede鮎ctsofunCertainty
andappropriabilityleadtoaninvertedu－Shapedrelationshipbetweenpatentageand
thehazardoffirstsaleandau－Shapedrelationshipbetweenpatentageandthehazard
oflicensetermina七ion．
Lastly，WeCOntributetotheempiricalliteratureonthee飴ctivenessofpatents
inappropriatingreturnSfromR＆D．IncontrasttopriorstudiesbasedonsurVeyS
OftheperceptionsofR＆D personnel，WePrOvidedirect empiricalevidenceofthe
relationship between patent dlaraCteristics and commerciahzation ofproducts or
terminationofprojects．
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7　Appendix
7．1　Delayingfirstsale
Tbsimplifynotation，Weletm＝0，inwhichcasethelicenseincludesno丘nanCial
incentivestopreventthefirmfromdelayingfirstsale．Ifthefirmisabletomaintain
itslicensewithoutsellingevenafterdevelopmenthasbeensuccessfu1，itcompares
thevalueofprofitsit canaChieve by commerciahzingthis periodto the valueit
COuldachievebydelayingoptimal1y．Sincepa＋t＋S＜p。＋t＋1，glVentheinformation
availabletothefirmatperiodt，itdoesnotanticipatedelayingformorethanOne
Period．Thereforethevaluefunctionwrites：
轄（ちH小舌；α）＝maXfpfmaXf札＋わ毎叶糾）＋（1－pf）柑轄（f＋1，元帥杵バαトC，0）．
（14）
Sincep。＋t＞6pa＋t＋1，itisclearthatE轄（t，rI。＋t；a）isunChangedascompaJedto
thecasewheredelayinglSnOtPOSSible．
SupposeIl。＋t＜6p。＋t＋1SOthatthefirmchoosestodelay丘rstsale，then（14）
becomes：
轄（ちⅢ叶f；α）＝maXtpf∂‰＋什1＋（1－凱）柑昭（±＋1，丘叶糾；αトC，0）．（15）
The abilitytodelayboundsthevalueofl左below，andpossibly，aWayfromO．If
轄（舌，Il。＋t；a）＞0，thenthefirmcontinues・Ifnot，thefirmstops・Therefore，in
anyperiodtforwhichl左（t，Ila＋t；a）givenby（15）isgreaterthanzerO，thefirm
willcontinuewith probabilityl．Thereservation valuethat governs the optimal
termination decisionis belowthereservationvaluethat govemstheoptimal鮎st
saledecision．Ifl左（t，Il。＋t；a）givenby（15）islessthanzero，thenthefirmwi11never
delay，andthevaluefunctionise鮎ctivelygivenby（1）．Thereservationvaluethat
govemstheopti皿alterminationdecisionishigherthanthereservationvaluethat
governstheoptimalfirstsaledecision．
IfthefirmSuCCeededatt，itsdynamicprogrammlngPrOblemreducestochoosing
theoptimaldateoffirstsaleaccordingtothefollowingvaluefunction：
鳩（ちⅢ叶f；α）＝maXtH叶t，〝α＋ポ＋1）・
Theteminalconditionisgivenby坑（L＋1）…0・
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SupposethatthereexistsasetDofconsecutiveperiodsinwhich（15）isgreater
thanZerO．ThentheprobabilitythatthefirmWillsellinsomeperiodf∈Dis：
t－1
‰（f；α）＝［1－凡＋f（古仏＋叶1）肋n（1－pl（S声））（1－p8）＋
3＝0
トnin（β1　ト3－1　　　　　　3
∑　pト．H（1－p鵡α））（1－pi）H孔＋トi（軸叶ト机）］・（16）
8＝1　　　　　　　盲＝O i＝1
Thefirstbradketedtermistheprobabilitythatthe丘rmwi11notdelayinperiodt．
Thefirstpartofthesecondbracketedtermtheprobabilitythatthefirmissuccessful
inperiodf，andthesecondpartistheprobabilitythatthe丘rmwassuccessfulina
PeriodofDdi飴rentfromt，butchosetodelay．Thus，althoughwecanCOmputethe
PrObabilityoffirstsaleinagivenperiodt，giventhatthe丘rmcouldhaveoptimally
delayedsalesinpreviousconsecutiveperiods，Characterizingthehazardoffirstsale
isintractible．
7．2　ProofofProposition2
Givena，leti（a）＜L－abethatperiodoftimeforwhich：
和仏粛（。）一C≧Oand抑叶ドC＜0，∀f＞桓）・
Then，E轄（i（a）＋1；a）＝0．Using（1）amdworkingbackwardfromL－a，WeObtai皿
fort＜i（a），adldsomerealizationoffia．t：
毎トト1　71
ガ轄（如）＝maXtpt‰＋ド十　∑Jmn（1－p什i）（勘＋叶血＋什叶1－C），0）・（17）
れ＝Oi＝1
Di鮎rentiatingB（t；a）givenby（2）withrespectt06yields響≦0・Thisimplies
thatforagivenpatentagea＋t，theprobdbilityofterminationdecreaseswith6，
whichintumimpliesthatif6／＞6，thehazardofterminationata＋tislowerat6，
than at古．
7．3　ProofofProposition3
VVewish to丘nd conditions under which the hazard oftermination decreaseswith
patentage．Anecessa町COnditionforthehazardofterminationtodecreasewith
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patent ageisforagivena，B（t＋1；a）＜B（t；a）・Asu伍cient conditionisthat
thedistributionfunctiondoesnotchangeraPidlybetweena＋tanda＋t＋1．Since
fi∈［0，司，ifc≦6（1－P）E叱，thenX≦0，andthuspf＝0．Therefore，intheanalysis
below，WeaSSumethat6（1－Pt）Ett（t＋1；a）－C＜0・Using（2），B（t＋1；a）＜B（t；a）
ifandonlyif：
勘＋1＼C一郎1－p杵1）β轄（吉＋2；α）
p£　　C一郎1－pf）β轄（f＋1；α）
（18）
Theleft－handsideisstrictlygrea七erthan1，SOtheconditionwilldefinitelybesatisfied
iftheright－handsideislessthanOrequaltol．Thisisthecaseifandozllyif：
β轄（f＋2；α）一月轄（f＋1；α）
pf ＞慧瑚＋2；αト瑚＋1；α）（19）
GivenE轄（t＋2；a）－E轄（t＋1；a）＞0，thenif（19）issatis丘ed，itmustbethecasethat
出土andptaresmal1enough・PtCannOtbetoosmall（forexample，PtmuStbeboundedPf
awayfromO）・WeneedtofindconditionsunderwhichEtt（t＋2；a）－E轄（t＋1；a）＞0・
SupposeEtt（t＋2；a）＞OandE轄（t＋1；a）≧0・Using（1），Wehave‥
∬轄（け2；α）一月轄（f＋1；α）＝［1一郎1一角十1）匝鶴（f＋2；α）－（角＋1／↓叶杵1－C），（20）
Ifpt＋1P。＋tl≦C，then（18）isde丘nitelysatis丘edevenifE隼（f＋2；a）＞Oisweakened
to轄（f＋2；a）≧Obecausefrompt＋1IL。＋tl≦C，itfollowsthatE轄（t＋2；a）＝0⇒
屠場（f＋1；α）＝0・
SinceweclearlyhaNe：
拘＋1＞柑轄（f＋2；α），
therigh七一handsideof（20）decreaseswithpt＋1，SOthat（20）willbesatisfiedifpt＋1is
smal1enoughandEtt（t＋2；a）islarge・Thisimpliesthatamustbesmal1・Therefore，
ifaisclosetozero，foranytWOCOnSeCutive，periodsfandt＋1，SuChthat空出ispt
greaterthan，butclosetol，andptissmall，thehazardofterminationdecreaseswith
t．Otherwise，thehazardofterminationincreaseswitht．
7．4　ProofofProposition5
FbraglVent，thehazardof丘rstsaleclearlydecreaseswithasincethehazardof
terminationincreaseswith a．Fbr aglVen a，aChangeinthehazardoffirst sale
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betweentandt＋1isglVenby：
△β＝（1－pl（α＋f＋1））勘＋1－（1－pバα＋亡））pf・
Ifpf（a＋t＋1）≦pf（a＋t），then△sisclearlypositive・△sisnegativeonlyif
pf（a＋t＋1）issufEcientlylargerthanPf（a＋t）・Thereforetherelationshipbetween
Pfand△sisgenerallyambiguouswhenpflnCreaSeSWitht・
34
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Tablel：Unc°nditionalsurYivaIrateS
Period Abandon FirstSale RightCens°red SurYiving Total
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
74　　　　　49
32　　　　　26
54　　　　　40
49　　　　　20
34　　　　11
8　　　　　　2
10　　　　　6
6　　　　　　2
0　　　　　11
1　　　　　0
1　　　　　1
78　　　　　　　604　　　805
49　　　　　　497　　　604
98　　　　　　305　　　497
35　　　　　　201　　305
34　　　　　　122　　　201
9　　　　　　103　　122
11　　　　　　76　　　103
9　　　　　　　59　　　　76
9　　　　　　　39　　　　59
14　　　　　　　24　　　　39
7　　　　　　　15　　　　24
2　　　　　　　13　　　15
7
2
2
2
6　　　13
4　　　　6
2　　　　4
9　　　2
T°ねIs　　　269　　　168　　　　　　368　　　　　　0　　　2875
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Table2：Age°fpatentsattime°flicense
AQe Number Percent cumulatjvePercentacle
0　　　　　91
1　　　　113
2　　　　113
3　　　　106
4　　　　　71
5　　　　　69
6　　　　　46
7　　　　　67
8　　　　　38
9　　　　　34
11．30　　　　　　　11．30
14．04　　　　　　　　25．34
14．04　　　　　　　　39．38
13．17　　　　　　　　52．55
8．82　　　　　　　　61．37
8．57　　　　　　　　69．94
5．71　　　　　　　　75．65
8．32　　　　　　　　83．98
4．72　　　　　　　　88．70
4．22　　　　　　　　92．92
10　　　　14　　　　1．74
11　　　　11　　　1．37
12　　　　10　　　　1．24
13　　　　　6
14　　　　　9
15　　　　　5
16　　　　　2
0．75
1．12
0．62
0．25
94．66
96．02
97．27
98．01
99．13
99．75
100．00
Tob1　　　805　　　100．00
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Table3：Age°fpatent＄WheneventSare°bSerVed
PatentAcle T●rmlnati°n C°mmerClalizatl°n RlqhtCensored
Cumulative
Percent
2．36％
6．96％
17．02％
24．60％
36．77％
49．19％
57．52％
70．81％
76．77％
81．99％
86．71％
91．43％
94．16％
95．78％
97．39％
98．01％
100．00％
T°t l Perc n
19　　　　　2．36％
37　　　　4．60％
81　　　10．06％
61　　　　7．58％
98　　　12．17％
100　　　12．42％
67　　　　　8．32％
107　　　13．29％
48　　　　　5．96％
42　　　　　5．22％
38　　　　　4．72％
38　　　　4．72％
22　　　　2．73％
13　　　　1．61％
13　　　　1．61％
5　　　　　0．62％
16　　　　1．99％
1　　　　　　18
2　　　　　　　17
3　　　　　　　28
4　　　　　　　24
5　　　　　　　32
6　　　　　　　39
7　　　　　　18
8　　　　　　14
9　　　　　　11
10　　　　　　　3
11　　　　　　　8
12　　　　　　11
13　　　　　　　8
14　　　　　　　3
15　　　　　　　8
16　　　　　　　0
17　　　　　　　9
1
12
18
8
17
15
10
16
10
12
8
8
4
3
2
0
2
0
8
35
29
49
46
39
77
27
27
22
19
10
7
3
5
14
T°taI　　　　　251　　　　　　　146　　　　　　　　　417　　　　　　　805
TabJe4：Descriptivestatistics
Variable
PATENTAGE
PATENTAGE2
PATENTAGE3
ハ由山帽0′7bchnOI
START－UP
PATENTSCOPE
PR10RARTCITED
RADICALNESS
JNDUSTRYFUNDED
GENERALITY
TbのnoJ c由SSeS
DRUGPATENT
CHEMLCALPATENT
ELECTRICPATENT
MECHANICALPATENT
A ru　のb瀞　MbaSU′eS
LEADTIME
SECREcY
LEARNING
PATENTSTRENGTH
PeJのdDuJnm肺S
YEAR1980．1984
YEAR1985・1989
Mean StdDev Min
5．140　　　3．399
37．965　　48．426
351．739　　676．725
0．327
1．339
9．g68
5．814
0．168
0．302
0．216
0．311
0．265
0．032
????????．
5．369　　　0．506
3．923　　　0．406
5．003　　　0．435
4．108　　　0．747
0．257
0．314
38
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????????
?????
????
?
?
??
Max
17
289
4913
??????
???????????????
Cel叩劇咽剛油日州川血血●∩鵬d
H●brogen●lty
（c）
Ten¶lm州On Flr●t8■le
Pllremeter Z．Sbt P即qmeter Z－Stat
．0．271　．2．570　　0．194　　1．460
0．015　　2．540　　4．011　・1401
Table5：ReBultSu81叩dlfferentmethodoI09Ie＄
Coxhopo州On■lH●題▲d■　　　　　　　　　Co叫劇叫憫仙■劇肋lndoPnd●ntRleb
（合1）　　　　　　　　　（■21　　　　　　　　　　　　　　　（b）
T●rMlrlAtIorl Flrtt8■h Tmlnttlon Flr■ B■l●
HJE■rdR●tIo Z・Stet H●題■rdRdo Z・StELt P■rtndor Z－S Bt P■r8mdJIr Z・St融■■■■　　　　　　　　　H■－■　　　　Z　　　　　　　　　　　　ヱ・竺竺＿．＿．上と至当竺ニー＿旦竺竺＿」さ王ちと1．＿＿三：竺竺
pATEHTAcE O・761　　8・OeO l・2個　　　2・180　　・○・300　・3・6引　　01156　1476
pATEHTAeEI l・013　　　3・110　　　0・的2　　　－1380　　　〇・〇11　　4・030　・0・0 8 ・ 983
? ? ? 。 。 ? ． ? ? ? ??????????．?。 ??????? ????。????????」．????????????．????。??? ????????????????? 。 ???????????? 。?? ? ???????? ??????? ?? ? ．????…???????
??????。?????? ?????????? 」????????????????????． ????? ?．．????????????? ?????????????????????． ? ???????????????? 。???? ?????????? ???????
???????
」???????
?? ?????????????? ?????。?? ? ?????????． 。??????。 ??????。?。?? ????????? ??????? ．????? ????????。???。????〞???????
1．120　　－0．0田　・0．330
1850　・1．701　・5．577
．3．5的　・1．777　・3．045
4．537　　5．858　　4．482
1．521　　0．001　1．220
1474　　0305　　1．816
????????
0．5430　　2807
243　　　　　　　　　145
805
2403
．1055．5320
???
??????????????????????????
??????。???????…??????????????．????
????????．
???
?????????? ．
地山虚．2亡丑血血
8TART・UP
PATENT8cOPE
PR10RARTCntD
MIC▲LllEee
lIIDUSTRYFUllDED
OEllER▲L汀Y
血虚血l如幽
DRUOPATENT
cHEl朋C▲LPATモNT
ELEcTRJCPATENT
．Ec几岨止PAT丘HT
血狙辺地血敲〟鐙皇
LE▲OTllは
6亡cREcY
U州l鴫e
PATENTeTREH6TH
包血立地
YE▲貝186か1脚　　　　　仇278
Ⅵ≡▲Rl鋤も1縛1　　　　　0・130
???『???
243F●llllr●●
●Llc●n●●●
Tlm●●trl●kか●●叫
LoqLlbllhoの　　　　　　　　　・1459．le
??
ーー??
NAHE
PATENTAO∈
PATENTAOピ
飽き山地担錮迦阻
START．UP
PATEl＝．ScOPE
PRl°RARTCITED
RADICALNESS
川旧USTRYFいDED
O∈HERALITr
迦嘘鎚由幽星
DRUePATENT
cHEIMcALPATENT
ELEcTRICPATENT
MEcHANICALPATENT
血躍迎血地腹通弧址迦
LEADTlME
SECR∈cY
合旨完だ詣歯周，H
血恕圧盛地恕
AOEtDRUO8
AtlEecHEH
AOE°ELEc
AOE°HEcH
色感嘘迦嘘
Yle馴ト1e84
▼1184．1989
LellLlkellheed
（a）
TermlneuOn FlrもtSele
Parameter Z－Stat Pararneter Z－St8t
・0．333　・3．671
0．016　　2．985
4．936　・4．380
－0．167　　－0．998
－0．009　　－0．805
0．032　　1．515
・0．531　・1．957
・0．002　・0．005
0．171　1．602
－0．010　　－1．612
・0．650　・2．934
0．295　　1．872
・0．045　　－2．727
0．058　　2．014
・0080　　－0．268
－0．352　　－1．061
・1125．046
Table6：cOrnPetlqrl8blTlOdelYdthLJnOb8erVedhetere90nOLty
（b）
Tem nl州On FlnltS8】e
P8rameter Z・Stat Parameter Z－Stat
・0．317　・3．121　　0．210　　1．785
0．016　　2．804　　－0．011　－1．490
・1．101　・4．846　．0．580　　－2．389
・0．079　　－0．425　　0．423　　2．611
・0．014　　－1．033　・0．034　・1．835
0．018　　0．648　　0．034　　1．109
4．739　　－2．419　　－0．162　・0．485
0．047　　0．131　・0．935　・2．469
0．152　　0．214　　－0．479　　－0．683
0．185　　0．493　　0．556　1．372
0．270　　0．734　1．058　　2．662
1．040　1．825　1．189　1．215
0．243　　0．634　．1．006　・1．991
・0．879　　－2，273　　0．522　　0．997
・0．033　・0．078　1．519　　2．400
・0．869　　－2．932　　0．932　　2．578
・1082．583
（C）
Ternln8tlon FlrBtS8le
PararTlete．Z－Stat P8r8meter Z－Stat
・0．416　　－3．456　　0．323　　1．972
0．016　　2．580　・0．012　　－1．636
・1．159　　4．926　・0．581　・2．262
・0．107　・0．561　0．421　　2．519
・0．021　・1．411　・0．030　　－1．555
0． 25　　0．829　　0．031　　0．981
・0．773　・2．512　・0．187　・0．543
0．028　　0．077　・0．948　　－2．469
－0．539　　－0．5糾　　0．707　　0．589
・0．587　　－1．010　　1．409　　1．627
・0．497　・0．943　1．734　　1．861
1．038　　1．045　　0．665　　0．228
0．430　　1．106　　－1．019　　－1．838
・0．981　－2．554　　0．557　　0．999
・0．105　　－0．248　　1．483　　2．267
仇848　・2．805　　0．974　　2．586
0．110　　0．975　・0．155　・1．279
0．145　　1．600　・0．104　・0．937
0．144　　1．631　　－0．066　　－0．556
－0．076　　－0．217　　0．121　　0．306
－1077．486
（d）
Temln8tlon FlnItSale
Parameler Z・Stat Parameter Z・Stat
・0．328　　－2．640　　0．248　　1．411
0．012　　2．017　　－0．012　　－1．458
－1． 63　　－5．401　－0．351　　－1．287
・0．126　　－0．684　　0．510　　2．912
・0．020　　－1．364　・0．048　　－2．299
0．035　1．163　　0．077　　2．184
・0．666　　－2．149　　－0．350　　－0．977
・0．264　・0．677　　－0．628　　－1．494
－0．372　　－0．381　・0．369　　－0303
・0．411　・0．705　　0．838　　0．940
・0．492　　－0．938　1．950　　1．956
1．124　1．218　　0．690　　0．233
0．371　　0．982　・1．176　　－2．023
4．995　・2．630　1．109　　1．977
・0．032　　－0．077　1．344　　2．039
・0．795　・2．746　1．207　　2．981
0．068　　0594　　－0．010　　－0．076
0．110　1．252　・0．069　　－0．568
0．159　1．842　　－0．059　　－0．457
－0．082　・0．239　　0．124　　0．304
0．424　1．137　　－0143　・0．494
0．560　　2．007　・1．815　　－5．343
－1051．264
Table7：R°bustness°fquadraticf°rm
（a）　　　　　　　　　　（b）　　　　　　　　　　（C）　　　　　　　　　　（d）
FjrstSal●　　　　　　　　　　　FlrstSale Termlnati°n Terminati°n
NAME Parameter Z・Stat Parameter Z・Stat Parameter Z・Stat Parameter ZrStat
PATENTAGE　　・0．007　　　－0．022　　　　　0．015　　　0．460　　　　　0．310　　　1．253　　　　・0．026　　　－0．799
PATENTAGE2　　0．017　　　0．420　　　　　　　　　　　　　　　　　・0．074　・2．097
PATENTAGE3　　－0．001　　－0．699　　　　　　　　　　　　　　　　　0．004　　　2．541
し。gLlke肋。。d　　　　－1055・229　　　　　　　　－1057・102　　　　　　　－1051・396－1058．392
仙胎Sニ1〃的ese帽g帽SS加S，〝e〟1C山depaね〃f叩き〟レco〃如飴，飴肘dumm肺8〃da仰mpJ由の〟少me8SU帽S，S肺胞rb愕g帽Sの〃5C．
戸0rc由岬れ0〃少的e帽胎帽〃HlaZadCOe肋のJ血合帽帽pOrねdJneac／llハ帽pO〟ed餉Za叫，age怨assumeCH0わ〟0〝a叩ad帽扼肋間．
S由肺臓8伽S蝕〃舵a〃fcoe伽肺血叩pe訂のbo肘・
Figurel：Conditi°nalprobability°ffailure
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Figure2：Changeinhazardofterrrlinati°nWithpatentage
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FigLJre3：Chan9einhazardoffirSt＄alewithpatenta9e
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lAbstract］
Inthisstudy，quantitativeanalysisofumiversityindustryco11aborations（UICs）isconductedin
CaSeOfJapanbyuslngthedataset丘omRIETI’sUICSurveyandMETrsBasicSurveyon
BusinessStruCtureandActivities．AfocusisputoncompanngnewteclmologybasednrmS
（NTBFs），tOlarge丘rmSintermSOfthecharacteriSticsofUICactivitiesandtheimpactofUICs
OnR＆Dandproductionproductivity．
ItisfbundthatUICsarenotsimplyadaptationsofteclm010gyatuniverslty，butinvoIves
Signi丘cantdevelopmentactivitiesatindustryside・Inthissense，UICsusedtoconcentratein
large丘rmWithsubstantialR＆Dresources5yearsago．However，thisactivityhasspreadoverto
Smallfirmsrecently，andR＆DandproductivltylmPaCtSOfUICscanbefoundmoreclearlyfor
Smallandyoung丘rmgroup．UICactivitiesbyNTBFsarepromislngnOtOnlybythegrowth
POtentialofthesefirmS，butalsobyplaylngaSagentSOfchangeSinJapan’sin－housenational
innovationsystemtowardnetworkbaseddynamicone・
JELCode：L25，032，033
Keywords：UniversityhdustryCollaboration，NewTeclmologyBasedFirm，Productivity，
NationallmovationSystem，Japan
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1．Introduction
ThesecondScienceandTechnologyBasicPlan，WhichindicatesthebasicdirectionofJapan’s
SCienceandtechnologypoliciesfortheperiod2001－2006，StrOnglyadvocatesnational
innovationsystemreformtOWardnetworkbasedsystembyactiveinteractionsofinnovation
actors．Stimulatinguniverslty－industrycollaborationsisoneofcorepolicylSSueSinthisline．
Recently，SyStemicreformstostrengthenthecollaborationofuniversitiesandpublicresearch
institutionswithbusinesseshaveadvancedsubstantially．Forexample，the1998TLOLaw
promotedtheestablishmentofTechnologyLicensingOrganizations（TLOs）inuniversitiesand
Publicresearchinstitutions，andtheLawtoStrengthenIndustrialTechnologyCapability
establishedin2000includesmeasuresforloosenlngreStrictionsonrulesforresearchersat
Publicresearchorganizationsincludingnationaluniversitiestoworkforpnvatecompanies，and
thoseformakingiteasierfornationaluniversitiestoreceivefundingfromthepnvatesector．
ItistruethatcollaborationsbetweenuniversityandindustrybecomepopularnowinJapan．
However，thismovementinJapanisstilllaggingbehindtheUmitedStates，Wherevariouspolicy
measuresrelatedtouniversity－industrycollaborationwereputintoplaceinthe1980S．This
differencebetweentwocountriesismainlyduetothelagofpolicyactions；Japanisinalmost
20yearsbehindintheU．S．Atthesametime，diffbrencesintheinnovationsystemsofJapanand
theUnitedStatesmayalsomatterwiththeefftctivenessofumiversityindustrycollaborations．In
theU．S．，CaPitalmarketsforinnovationareadvancedthroughventurecapitalandothermeans．
Inaddition，thelabormarketworksbetterthanthatinJapan．Thesefactorsmakecollaboration
betweenindustryandthepublicsectoreasierintheU．S．byutilizingextemalmarkets．
Meanwhile，inJapan，afirmCOnductsresearchanddevelopmentlargelyatitsownin－house
researchcenter，andcollaborationswithuniversitiesandpublicinstitutionshavenotbeenputto
activeuse．Thisemphasisonin－houseresearchanddevelopmentprimarilyatlargeenterpnses
hasbeenpointedoutasafactorimpedinguniversityindustrycollaborationinJapan（Motohashi，
2001）．
Underthesecircumstances，neWteClm0logybased丘ms（NTBFs），yOungandrelativelysmall
enterpnseswithactivelyengagedinresearchanddevelopment，mayPlayasigni丘CantrOlein
efftctiveuniversityindustrycollaborationsinJapan．Incontrasttolargeenterpnseswith
Signi丘CantR＆Dresourcessuchasresearchstaffsattheirownresearchcenters，NTBFsmust
PrOaCtivelyutilizeextemalresourcesintheirR＆Deffbrts．AccordingtotheSurveyOnJapan’S
lmovationSystemconductedbytheResearchhstituteofEconomy，Trade，andIndustry
（RIETI），R＆D－focusedSMEsthatproactivelyconductcollaborativeR＆Dwithuniversities
PerfbrmmOrePraCtiCal，hands－OnreSearChtowardtheintroductionofproductsthandolarge
2
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enterprises（RIETI，2001）．Inaddition，COmParedtolargeenterprises，Whichtendtohave
bureaucraticdecision－makingorganizations，SMEscanbeagentsofchange，dynamically
advancingintonewneldsbymakingspeedybusinessdecisions（Audretsch，1999）．
ThispaperwillexaminetheroleofNTBFs’todynamiseJapan’sinnovationsystem，Whichis
domhatedbyin－houseR＆D，bycompanngindustry－universitycollaborationactivitiesbetween
largeenterpnsesandNTBFs．UniversltyindustrycollaborationcantakevariousfbrmS，丘om
informaltechnologyconsultation，tOCOllaborativeR＆Donacontractualbasis・Inaddition，the
COntentOfsucheffortsvarieswidelyacrosstechnologicalfield．Alarge－SCalesurveyof
businessesconductedinFebruary2003，RIETI’sSurveyOftheUniversityIndustry
CollaborationActivitiesinvestlgatedthisheterogeneitylnOrdertoprovideaclearpictureof
SuCheffortsinJapan（RIETI，2003）．Basedonthefirmleveldatafromthissurvey，WeeXamine
thedifferenceofsucheffortsbythesizeofenterpnse．Inaddition，bylinkingthisdatasetwith
thedatafromtheBasicSurveyofJapaneSeBusinessStruCtureandActivitiesoftheMinistryof
Economy，Trade，andhdustry（METI），Weanalyzedeteminantsofuniversityindustry
COllaborationsandtheimpactofsucheffortson丘ml’sinnovationandbusinessperformanCe．
ThispaperisstruCturedasfollows：First，inthenextsectionwecharacterizethediffbrencesin
universityindustrycollaborationsbetweenlargeenterpnsesandSMEs，byusing則肥TI’s
SurveyonUniversityIndustryCollaborationActivities．Insection3，WePrOVidetheresultsof
quantitativeanalysisofdeteminantSOfuniversityindustryco11aborationsandtheimpactsof
SuCheffbrtsonfirm’sinnovationandbusinessperformance，byuslnglinkeddataoftheRIETI
SurveywiththeMETI’sBasicSurveyofJapaneseBusinessStruCtureandActivities．Inthe丘nal
Chapter，WeSummarizetheresultsofthisstudyandconcludewithdiscussionabouttheroleof
NTBFsintherefbrmOfJapan’snationalinnovationsystem．
2．UnivcrsityhdustryCollaborationActivitiesbyFirmSi2＝e
UniversityhdustryCollaboration（UIC）activitiescanbeinvestigated丘omboththeuniversity
Sideandtheindustryside．InJapan，SeVeralsurveyshavealreadybeenconductedonthissu叫ect・
AnexampleofasurveyOfuniversitiesisthatconductedbyMitsubishiResearchInstitute（MRI）
（2002）．ExamplesofsurveysoftheindustrysideincludeMETI（2003a），METI（2003b），and
JapanFinanCeCorporationfbrSmallBusiness（JFS）（2002）．Inaddition，RIETI（2001）obtained
datafrombothmiversitiesandindustriesontheUICprq］eCtSSu叫ecttosubsidiesffomtheNew
EnergyandIndustrialTeclm010gyDevelopmentOrganization（NEDO）．Thesesurveysshowthe
levelofUICactivities，aSWellastheirobjectives，Obstaclesandeffbcts．Inaddition，thereexist
SOmeStudiesstudyingUICactivitiesbyinvestlgatingthenuのberofcompaniesinvoIved，
geographicalexpansionofsucheffbrts，andthenumbersofprqeCtSbyteclmologyindetail
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（WenandKobayashi，2001）・However，theseexampleshaveonlyprovidequalitative
informationconcemlngUICactivities，andtheycannOtbeusedtoquantitativeanalysis，SuChas
investigatingannualbudgetsfbrcollaborativeresearchandthenumbersofjointresearch
COntraCt・Anotherissuewithpriorsurveysincludesaproblemwithsamplingframework．These
SurveyShavebeenlimitedtopubliclysupportedUICs，OrtheycoveronlyUICsforlarge
enterprlSeS・l
Incontrast，RJETI’ssurveyonUICactivitiesdoesnotsuffbrsfromsuchsamplingbiasproblem，
SinceitsurveysalmostallfirmswithR＆DactivitiesinJapan（74426rmS）．Asasamplebase，
METI’sBasicSurveyofJapaneSeBusinessStruCtureandActivities，COVenngallfirmSin
manufacturing，Wholesale，andretailindustrieswith且ftyormoreemployeesandcapitalof30
millionyen，isused．haddition，thissurveycoversquantitativeinformationonUICactivities，
SuChasanannualbudgetandthenumberofprq）eCtSOfUICs．Thesurveywasconductedin
February2003fbr2002丘scalyearinfbrmation，reCeivlngValidresponsesfrom802nrms．The
SurVeyCOnSistedofthefollowingthreemajorcomponents：（1）overallinformationonR＆D
COllaborationwithexternalbodiesincludingotherfirmS，universitiesandpublicresearch
institutes，（2）detailedsurveyonUICactivities，includingquantitativeinfbrmationonthesizeof
activities，and（3）qualitativeinformationono旬ectives，aSSeSSmentSandobstaclesofUIC
activities・2Inthissection，Observationsfromthissurvey，focuslngOndimensionofthefirmsize
Variation，arePrOVided．
First，anOVerallpictureofR＆Dcollaborationby丘nnsizeispresented．Approximately70％of
nrmSengaglnginR＆DactivitiesconductR＆Dcollaborationinsomefbrm．Approximately
40％ofnrmSengageinsuchcollaborationarethosewithUICactivities．AlthoughJapan’s
innovationsystemissaidtobecharacterizedbyin－houseR＆Dfocus，thesenguresshowthat
extemalcollaborationinR＆Disfairlywidespread．Thissurveyalsocomparedsuchactivities
Withthoseofnveyearsbefore．FigurelshowstheresultsofthesharesoffirmSWithUICsand
theirchangefrom5yearsbefore．
OneofexceptionsisthestatistiCalanalysisconductedfortheWhitePaperonSmalland
Medium－SizedEnterprisesinJqpan，Whichcoversextensivenumberof丘nns（METI，2003b）．
2ReftrtotheRIETIhomepage（蜘頭重退出出由型由塾塑型塑車型
fordetailsofsurveymethodologylnCludingsamplingmethodsand
responserates．Althoughthissurvey’svalidresponserateoflO．8％islow，WeSimultaneously
COnductedafbllow－uPSurVeyOnnOn－reSPOnSeSamples，Whichindicatedthattheeffbctsofthe
non－reSPOnSebiasontheresultswererelativelysmal1．Thesummarytablescanbedownloaded
alsofromthissite．
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Fig．lShareofnm退COllaboratlngWithuniverslty
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OnecharacteristicofUICactivitiesisthatthesizedistributionisskewedtoagreaterextent，aS
COmParedtobetweenhrmCOllaborations・Forexample，While89・5％of丘rmswithmorethan
1001empIoyeesarecollaboratingwithuniversitiesinsomeform，Only23．1％offirmswithl00
employeesorfewertakepartinsuchcollaboration．InthecaseoflargefirmS，While65．0％of
firmSWithmorethanlOOlemployeesareCollaborating，26．1％offirmswith100employeesor
ftwertakepartinsuchcollaboration．Whenwelookatthetrendsinthesefiguresoverthepast
fiveyears，WeSeethatthenumberofsmallerfirmSWithUICshasincreasedfaster．Thissurvey
alsoexaminesfutureexpectationinR＆Dco11aboration．Thepercentageof丘rmsplannlngtO
Strengthencollaborationwithumiversitiesis42．3％（with51．7％planmingtomaintaincurrent
levelsofsuchcollaborationand5・9％planmingtoreduceit），andthisfigureishigherthanthat
Ofanycollaborationwithlargeenterpnses，SMEsandnationalresearchinstitutes．Itappearsthat
UICactivitiesareSPreadovertosmallerfirmSandindustryhasagrowlngeXPeCtationonUICs．
UICactivitiescantakevariousformS．TheyvaryfromformalformSOfR＆Dcollaborations，
SuChasJOlntreSearCh，COntraCtlngOfresearChandtechnoIogylicenslng，tOmOreinformal
COmmunicationandtechnologyconsultationactivities．Inaddition，eXChanglngreSearChersand
trainlngOfpersonnelcanbeincludedinUICactivitiesaswell．Figure2showstheshareof
firmStakingpartineachtypeofUICactivitiesby且rmSize．
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Fig・2Styk，Ofco払boratbnw誠luniversity
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Nearly80％ofenterpnseswithmorethan1001employeeswithUICactivitiesareinvoIvedin
JOintR＆Dwithuniversities．Inaddition，COntraCtedresearchandtheprovisionofresearch
grantsfollow．Ontheotherhand，teChnologyconsultinglSrelativelypopularforsmallerfirmS．
AswithjolntR＆D，aPPrOXimatelyhalfofsuchfirmStakingpartinthistypeofactivities．
RegardlessoffirmSize，theshareoffirmSrePOrtlngtheuseofpatentsissmall．Itsuggeststhat
UICsarenotsimpleexistingteclmologyadoptionactivities，butinvoIvesignincant
developmentactivitiesinindustrysideaswell，forexamplebycontractbaseJOintR＆D．
Figure3showsarelativeimportanceofo叫ectivesofUICsby丘rmSize．Eachpointshowsan
averageofthefive－POintLikertScalequestionnaire，andthelargerthevalue，themorerelevant
asano旬ectiveofUICs．
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Fig3．0bjectivesofcollaborationwithuniversity
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While，forlargeenterpnseswithmorethan1001employees，thescoresarehighforupgrading
One’sR＆Dpotential，SmallerfirmSeValuatehighlythedevelopmentoffleWPrOductsand
teclm0logy．WhenwelookatthisresulttogetherwiththoseinFigure2，WeCanCOnCludethat
Smaller丘nnsseektoacqulreteClmologythroughtechmiCalconsultingandjointR＆D
teclm010gythatisclosertothefinalproductstage．hcontrast，largefirmS，Whileuslngthesame
JOintR＆Dtypeofcollaboration，Placemoreweightonbasicandfundamentaltypesof
knowledgethatcanbeexpectedtoleadtolong－terminnovation，byseekingtoupgradetheir
OWnreSearChcapabilities・Onefactorleadingtothisresultmaybethefactthatthetimescope
forUICvariesbetweenlargeenterpnseswithrelativelylargeR＆Dresourcessuchasin－house
researchcenters，andsmaller丘rmS，Whichdonothavesuchresources．AnanalysisofU．S．hnns
bySantOrOandChakrabarti（2002）showsthatUICsbySMEsfbcuslargelyonresoIvingissues
throughtheuseofsuch丘rms’owncoreteclmologies，Whilethoseoflargeenterpnsesare
intendedtoexpandthesu叫ectsofresearchintonewnelds．Theresultsofoursurveyof
JapaneSe丘msareconsistentwiththese丘ndings．
Smaller丘msaimattheUICsintendedtoachieveshort，termbenefitssuchasthoseresultingln
newproducts．However，itisfoundthatthesizeofjointR＆Dforsmal1erfirmsisnotalways
Smallerthanthatoflargenrms．TablelshowsthesizeofjointR＆DbyfirmSize．
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Tablel：CollaborativeR＆DbyfirmSize
．細 密 駐：；す∵ 、ヾノ′；′　 ノ惑 ∴
か
、
惑　 瀞
、lも
、当 動 ノ∴
AⅡ 14．1 62．8 4．5 13．5E　 17．8
100 0rless 20．3～　 34．8 1．7 12．2 20．6
10ト 300 14．5 33．9 2．3 13．1 19．7
300－1000 6．8 17．9 2．7 12．8 16．8
1000 0rOVer 14．2手　 226．5 16．0 16．7 9．9
Theaverageper，COmPanyhguresin2002forjointR＆DbudgetsandthenumberofprqJeCtSfor
nrmCOnductingJOintR＆Dareasfbllows：theaveragetotalbudgetwas62．8mi11ionyenandthe
averagenumberofprqjectswas4．5percompany，fbranaVeragebudgetof14．1millionyenper
Prqject．Whenthesefiguresareexaminedby伍rmsize，thebudgetperprqjeCtdoesnotvaryvery
much．Whilesmallerfirmstypicallyconductsmallernumberofprq］eCt，thesizeofeachprqeCt
isnotsmaller．DuetothewiderscopeofR＆DforlargefirmS，itisnaturaltoseethattheyare
takingpartinlargenumbersofUICs，PreSumablyspreadingoverwiderangesofteclm0logy
fields．hcontrast，jointR＆Dprqjectforsmallerfirmsismorefocused，butnotalwayssmaller．
Inaddition，itisfoundthatjointR＆Dprqjectsfbrsmallerfirmsaremorecoveredbypublic
fundthanthoseoflarger丘rmS．
Finally，Figure4showsproblemswithUICsbyfirmSize．
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ThisgraphshowsthepercentageoffirmSlistingeachitemasproblemonUICsforfirmS
COnductlngjointR＆D．Firstly，theshareof“noexperiencewithUICs”islargerforsmal1firmS・
Asisalreadyshown，UICisnotaone－WayPrOCeSSWherebyindustryadoptstechnologyand
knowledgeofuniverslty．Instead，industryshouldplayanimportantroleininnovationby
PrOVidingowndevelopmentresources，basedonuniverslty’stechnology・Inthissense，itisvital
toincreaseitsin－houseR＆Dcapacity，Or“absorptivecapacity”inCohenandLevinthal（1989），
inordertoconducteffectiveUICs．Therefore，‘experience’matterswithjolntR＆Dwith
universities，anditisnaturalthatestablishedlargefirmislikelytohavemoreexperiencethan
Smallerfirms，ParticularlynewtechnologybasedfirmS．
Ontheotherhand，theproblemspointedoutbylargefirmsinclude”Nobusinesslike
relationship”，“Unclearcontract”and“Uncleareachsideresponsibility”・Thisproblemcomes
fromthedifncultyindrawlnguPaClearcontractcoveringdivisionofeachresponsibilityand
futureoutcomesduetosigmificantunCertaintyassociatedwithUICprQJeCt．Sincetheprq）eCtS
bylarge丘mstendtocovermorebasicandfundamentaltypeofcontents，thedegreeof
uncertaintyandholdupproblemduetoincompletecontractisassumedtobelarger・Inaddition，
theremaybeanorganizationalreasonaswell．AccordingtotheresultsofK旺TIsurvey，Small
nrmspointedoutthattherolesandresponsibilitiesofeachpartylnCarrylngOutthe
COllaborationareunclear．However，Onlyafbwofthemexpressproblemswithcontractual
issues．AsmallfirmCanOVerCOmeincompletecontractproblem，becauseapersonwhois
responsibleforcollaborationdecisionnegotiatesdirectlywithuniversltyPrOfbssorsingeneral・
Ontheotherhand，alargefirmWithbureaucraticorganizationalstruCturerequlreSaClearer
COntraCtinordertopassthroughinternaldecisionmakingprocess．ThereareSuPPOrtive
evidencestothishypothesisininterviewsurveySforuniversltyPrOfbssorsinvoIvedinUICs
（RIETI，2002）．
3．DeterminantsandinpactsofuTLiversityiTldustrycol1aboration
（1）Data
TheresultsofRIETI’sUniversityhdustryCollaborationSurveyshowthatlargeenterpnses
Pnmarilyusesuchcollaborationfbrjointresearchprq）eCtSaimedatstrengtheningtheirin－house
teclm01ogicalcapabilitiesandachievinglong－termbenefits，WhileahigherpercentageofSMEs
usetechmicalconsultingandtakepartinjointR＆DaimlngatPrqjectsthatareclosertothe
丘nal－PrOductstage．Inthissection，WelinkthedatafromRIETI’sSurveywithonesfrom
METI’sBasicSurveyOfBusinessStruCtureandActivities，tOquantitativelyanalyzethefactors
COntributingtothedecisiontotakepartinUICsandtheeconomicimpactsofsuchefforts丘om
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theviewpolntOfparticIPatlngenterPnSeS．AmongvariousstylesofUICs，WePrOCeedwithour
analysisfocuslngOnuniversltyindustrycollaborativeresearCh・3
AsthesampleforRIETI’sUICSurveyisderivedfromcompaniessu叫ecttoMETI’sBasic
SurveyofJapaneseBusinessStructureandActivities（BSBSA），thedatacanbelinkeddirectly．
BSBSAstartedin1991andhasbeenconductedannuallysincethel994survey．Themost
recentdataavailableisthatfor2000．InadditiontofinanCial－Statementdataformeasunngthe
PrOductivityandprofitabilityoffirms，italsoprovidesinnovation－relateddatasuchasR＆D
investmentandthenumberofpatentsheld，aSWellasthree－digitindustrycodesandtheyearof
establishment．
WeconductouranalysisbyuslngthelinkeddataofRIETI’sUICSurveyandMETI’sBSBSA
fortheperiodfrom1995to2000．However，duetofactorssuchastheentryandexitoffirmS
andcutoffpointsofBSBSAsamplesintermSOfthenumberofemployeesandtheamountof
CaPital，thenumberoflinkeddatasamplevariesfromyeartoyear．Table2showsthenumbers
Ofsamplesusedforthisanalysis．
Table2．NumberofsamplesbytimlngOfBSBSA
BSBSAdatayear ＃ofsamples
1995 687
1996 702
1997 720
1998 759
1999 801
2000 751
（2）DeteminantsofUICs
Afirm’sdecisionconcernlngWhethertotakepartinUICsmaydependonvariousfactors．Since
theteclm0logyandknow－howpossessedbyuniversitieswouldnotleaddirectlytonewproducts，
butwouldrequlreadditionalR＆Dbyfirmsforcommercialuseadaptation，丘rmSmayfirstneed
theirowntechnologicalabsorptlVeCaPaCity．However，thereisalsoapossibilityofsubstitution
efftctofR＆Dresources，Wherebylargeente一PnSeSWithsigni伝Cantin－houseR＆Dresources
WOuldnottakepartinextemalcollaborationinvoIvinghightranSaCtioncosts．Incontrast，
incentivesforUICswouldbehigherfornewteclm01ogybasedfirmS（NTBFs），Whichtendto
lackinnovation－relatedmanagementreSOurCeSWithgreaternecessltytOSeekforextemal
teclm0logicalseeds．IntheU．S．，therearesorrp3eXistlngStudiesonUICsbysiz・eOffirm・For
examPle，Cohenetal．（2002）showedthatlargeenterprisesweremoreactiveintakingpartin
3RefbrtoBozeman（2000）fbranoverallreviewofuniversityindustrycollaborationanalysis・
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UICsthanSMEs．4hcontrast，Acsetal．（1994）showedthat，COnCeminginnovationactivities
SuChastheintroductionofnewproducts，SMEsmoreeffectivelyuti1izedtheresultsof
umiversltyreSearChandthatcompanieswithpoorin－houseR＆Dresourcestendedtobemore
activeinutilizlngeXternalresources．
Inthissection，WeteStVariousfactorsincludingfirmsizeandageasdeteminantsofUICsto
disentanglebetweencomplementarityandsubstitutioneffbcitsassociatedwithintemaland
extemalR＆Dresources．Table3showstheresultsofregressionanalysiswitheachofthe
followingitemsasdependentvariables：（1）whetherthefirmparticipatedinsometypeof
COllaborationwithauniversityin2002；（2）whetherthefirmCOnductedjointR＆Dwitha
universityin2002；（3）thenumberofjointR＆Dprqjectswithuniversities；and（4）theamount
budgetedforjointR＆Dprqjectswithuniversities（usingnaturallogarithms）．Independent
vadablesusedhereareasbllows．5
・FirmSizein2000：naturallogarithmofthenumberofemployees（BSBSA）
・R＆Dinvestmentin2000（naturallogarithm）（BSBSA）
・AmountofR＆Doutsourcedin2000（naturallogarithm）（BSBSA）
・Numberofpatentsheldin2000（naturallogarithm）（BSBSA）
・DummyvariablewhetherfimhasitsownindependentR＆Dcenterin2000（BSBSA）
・FirmageaSOf2000（naturallogarithm）（BSBSA）
・InteractiontermSOf丘msizeandhrmageasabove
・9typesofR＆Dstrategyfocus（seeTable3）（UICSurvey）
・40industrydummyvariables
Itshouldbenotedthatdependentvariablesinregressionanalysishere，takenfromRIETI’sUIC
Surveyarethoseof2002，WhilemostindependentvariablesfromBSBSAarethoseof2000，the
mostrecenttimlngOfavailabledata．Thereforewecaninterprettheresultsascorrelationwith2
yearlags，OrSimultaneouscorrelationbyassumlngthatthevalueofindependentvariableis
Stableovertime．
（Tablc3）
Firstly，WhenweexaminetheresultsofouranalysisconcemlngWhetherthefirmPartlCIPatedin
SOmetyPeOfcollaborationwithauniversltyin2002andwhetherthenrmconductedjointR＆D
Withauniversityin2002（models1－8），Whilethestatistical1ysigni丘Cantitemsvary，We
Theexceptionsweremedical－relatedstartupfirmS（fbundedwithinnveyearsandwith500
employeesorfbwer），Whichactivelytookpartinindustry－aCademiacollaboration．
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Obtainedsimilarresults・ThevaluesforbothR＆Dexpendituresandthenumberofpatentsheld
arepositiveandstatisticallysigni丘cant，indicatlngthatteclm010gicalcapacltylSaVitalfactorin
determlnlngWhethertotakepartinUICs・R＆DoutsourclnglSalsopositive，indicatlngthat，in
additiontotechnologicalcapacity，丘rmswithahigherwillingnesstocollaboratewithexternal
PartiesinR＆DweremorelikelytoconductUICs・Concemlngtherelationshipwithenterpnse
Size（loglemp］），inthemodelsinwhichcompanyage（loglage］）isnotinserted，butafter
COntrOllingforR＆Dsiz，e（log［RD］），Wefoundstatisticallysignificantandpositivecoefficients．
Thisindicatesthat，inadditiontotechnologicalcapaclty，therearesti1lsome丘rmsizeeffbcts．
However，theeffectsofcompanysize（loglemp］）arenegativeandstatisticallysignificantinthe
modelsincludingcompanyage（loglage］）andtheinteractionofsizeandage．Whenweexamine
theresultsofthisregressionanalysisusingthepartialderivativeoflog（emp）inordertoclarify
thisrelationship（fbrexample，－0．80＋0．29loglage］inMode13），itisshownthatthevalueofthe
COefficientwasnegativeforyoungfirms，indicatlngthatthesmal1era丘m，themoreactiveits
PartlCIPationinUICs．hthesameway，Whenweexaminetheresultsofthisregressionanalysis
usingthepartialderivativeoflog（age）inordertoexaminetheeffectsofcompanyage（for
example，－1，52＋0．291oglemp］inMode13），Wefindthatthevalueofthecoefncientisnegative
forsmallenterpnses，indicatingthattheyoungera丘rm，themoreactiveitsparticipationinUICs．
Inthisway，thelinearrelationshipbetweencompanySizeandparticipationinUICsdoesnot
holdinthegroupofyoungfirmS，Showingtendenciessimi1artothecharaCteristicsofstartup
nrmSfoundbyCohenetal．（2002）．6
TheRIETIUICSurveyalsocollectedthedataonR＆Dstrategy（specifically，thenineitems
ShowninTable3）．WealsoanalyzedtherelationshipsbetweentheseitemsandUICs．Our
resultsshowthat丘rmsplacingemphasisonshortemingR＆Dleadtimes，fbcusingR＆Dthemes，
andseekingnewR＆DthemesaremoreactiveinUICs．
Models9－12inTable3showtheresultsofregressionanalysisuslngthedataforthesizeof
UICs（i．e．，thenumberofjointR＆DprqjectswithuniversitiesandthebudgetedamOuntSfbr
SuChprQjects）asdependentvariables．Basically，theseresultsaresimilartothoseformodelsl－
8．However，theeffbctofthenumberofpatentsheldisfairlystrongformodels9－12．Inaddition，
inthemodelsusingthenuniberofjointR＆Dprqjectsasthedependentvariable（mode19and
lO），nOeffbctsofenterprisesizeoragecanbeobserved．
Substantialnumberof丘mshavevaluesofOfortwooftheseindependentvariables（the
amountSPentOnR＆Doutsourcingandthenumberofpatentsheld）．lnthiscase，WerePlacethis
byl．
Althoughthetendencyofstartup丘nnstoactivelytakepartinUICsasshownbyCohenetal．
（2002）wasapparentinthemedicalindustryonly，hereitisindicatedforthemanufacturing
industryasawhole
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ThenextanalysisistoinvestlgateChangeSindeterminantsofUICsovertime．Asshownin
Table4，WeCOnductedsimilarregressionanalysesusingdatainfiveyearsbefore．TheRIETI
UICSurveycollectedthedataonUICactivitiesfiveyearsbeforeaswell．Weusedthisvariable
asadependentvariable，andusedasindependentvariablesfromBSBSAinl995，5yearsbefore
theyear2000inpreviousanalysis．
（Table4）
TherearesimilarpatternSbetweenTable3andTable4，ShowlngthemaJOreffbctsof
technologica1－CaPaCityfactors（loglRD］）andexternalR＆Dcollaborationfactors（RD
OutSOurCing）．Althoughtheeffbctsofcompany－Sizefactors（loglemp］）arealsoapparent，unlike
inthecurrentsituation，Virtuallynononlinearrelationshipwithcompanyageisapparent．
An0thercharacteristicofthedatafromfiveyearbeforeisthefactthatthecoefncientforthe
existenceofa丘nn’sownresearchcenter，Whichwasnotstatisticallysignificantfortherecent
data，isbothpositiveandstatistiCallysignincant．Theexistenceofafirm’sownresearChcenter
Canbeconsideredtoindicatebothacompany’sR＆DcapacityandinvestinginbasicresearCh
byitsownresources．Theseresultssuggestthat，infiveyearsbefore，alarge丘rmWithown
researchcenterwereactivelytakingpartinUICs．Inordertoexaminethechangesin
deteminantSOfUICsoverthepastfiveyears，WeCOnductaregressionanalysISSimilartothat
ShowninTable4，uSlngadummyvariablewhethera丘mstartedUICsinthisnve－yearperiod，
asadependentvariable（Table5）．
（Table5）
TheexistenCeOfafirm’sownresearchcenterisbothnegativeandstatistiCallysignificantinall
models．hotherwords，COmPanieswithlargeR＆Dcapacitiesandtheirownresearchcenters
hadalreadytakenpartinUICsbefore5yearago，andthefirmSthatstartedUICsinthisfive
yearperiodaremainly丘rmsthatdonothavetheirownresearchcenters・lmaddition，the
COefncientsoflog（RD）concemingteclm010gicalcapacityarenotstatisticallysignificant，and
inModel2，thecoefncientconcemlngCOmPanyageisnegativeandstatical1ysignificant．These
resultsindicatethatoverthisnve－yearPeriod，UICshavebeenspreadtorelativelysmalland
youngnrmSWithsmalleramOuntOfownR＆Dresources・
（3）ImpactofUICsonR＆Dproductivity
R＆DproductivltyCanbedeteminedbytreatlngtheamOuntOfR＆DinvestmentasanlnPutand
developmentofnewproductsandproductiontechnologiesasoutputsofknowledgeproduction
function．Here，WeanalyzetheeffbctsofUICsontheproductivltyofR＆Dactivities，uSingthe
numberofpatentsdevelopedbya丘masanOutPut．
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Weusedthenaturallogofpatentsheldanddevelopedbythecompanyasadependentvariable，
andtheamountofR＆Dinvestment（naturallog），COmPanySize（naturallogofthenumberof
employees），theamountspentonoutsourcedR＆D（naturallog），UICdummyvariable（whether
thecompanycollaboratedwithauniversityin1997），COmPanyage（naturallog），andthe
interactionofthecompanyageandtheUICdummyvariableasindependentvariables．Tobit
modelisusedfbrregressionswith40industrydummyvariables．Table6showstheresultsof
OurregreSSionanalysISCOnductedforcross－SeCtionaldataineachyearfrom1997to1999，for
allvariablesexceptUICdummyvariable・7Next，WePOOledthedatafromallyearsand
COnductedregressionanalysis，SeParatelyforthreecategoriesoffirmsbycompanyageaS
follows8，
・Groupl：COmPaniesfoundedbeforeJapan’srapidpostwargrOWthperiod（19500rearlier）
・Group2：COmPaniesfoundedduringJapan’srapidpostwargrOWthperiod（1951－1970）
・Group3：COmPaniesfoundedafterJapan’srapidpostwargrowthperiod（1971orlater）
（Table6）
DuetotheexistenceoflagbetweenR＆Dinputsandoutputs，itwouldbebettertousethe
Weightedaverageoftime－SeriesR＆DdatawithanappropnatelagstruCture．However，ltCanbe
assumedthatserialcorrelationisordinari1ystronginR＆Ddata，SOthatusingR＆Ddatainthe
SametimlngaSPatentdata，WOuldnotcauseseriousbiasduetothediffbrenceinthetimlng．
（HallandZiedonis，2001）AsisseenfromTable6，Wehaveobtainedfmilystableresultsacross
yearsofanalysis，Whichsupportthisassumptl0nunderlinlnglntheanalysis．
ConcemingtheeffbctsofUICsonR＆Dproductivityincross－SeCtionalanalyses（Modelsl－3），
POSitivecoefncientsarefoundinal1years，Whilestatisticallysignincantoneisthatonlyfbr
1999・Inaddition，itisobservedthatR＆Dproductivityishigherfbrlargerfirms．Thenumberof
PatentheldanddevelopedcanbeinterpretedasanOutCOmefromcumulativeR＆Deffortsof
firm．Therefore，itisnaturaltoseethenumberofpatentheldperone－timeR＆Dinvestmentis
higherforoldandestablishedfirmS．
InordertocontrolforthisageeffbctofR＆Dproductivlty，Models4－6inTable5are
COnductedseparatelybynrmagecategory．Exceptformodel（5），POSitiveandstatistically
SignificantcoefficientsarefoundforUICvariable．Inaddition，negativeandstatistically
Incontrasttopreviousyeardata，the2000BSBSAdidnotsurveythenumberofpatentsheld
thatweredevelopedbythecompany・Forthisreason，WeCOnductedthisanalysisusingdata
though1999．
8Inthisregressionmodel，Weinserteddata－yeardumyvariablesinadditiontoindustry
dummyvariables．
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Slgni丘cantcoe仔icientsfortheinteractiontermSOfUICandcompanyagearealsofbundinthese
models．Inordertounderstandthisrelationshipclearly，takingapartialderivativebyCo－RDin
Mode14givesustheresultsofll・82－2．9410g（age）．Thismeansthattheyoungeracompany
thelargerthiscoefficientbecomes，SOthisresultindicatesthattheyoungeracompany，the
greatertheeffectsofUICforR＆Dproductivity・ThesamethingcanbesaidtoMode16．In
Mode15，Whichshowstheresultsofcalculationforthegroupofcompaniesfoundedduring
Japan’srapidpostwargrOWthperiod，aClearimpactofUICsonR＆DproductivltyCannOtbe
Observed．Forthisgroup，therearenotsomuchvariationincompanyage，Whichcanexplainno
ClearpatterninfirmSizeandage・Inaddition，theremaybeaproblemwithusingthepatent
COuntaSadependentvariable，Sincethequalityofeachpatenthasnotbeentakenintoaccountin
thisanalysis・9However，thissectioncanbeconcludedthatingeneral，UICshaveapositive
impactonR＆Dproductivityandthisimpactbecomegreaterforyoungerfims．
（4）ImpactofUICsonproductionproductivity
IfUICactivitiesincreaseR＆Dandinnovationproductivlty，thenintumtheymayalsoaffect
theproductivityofthefirm’sproductionactivities．Ouranalyticalframeworkinthissectionis
basedonproductionfunctiontheory，Withthefim’svalueaddedservlngaSanOutPutand
factorsofproductionsuchaslaborandcapitalstockservlngaSlnPutS．Wehaveestimatedthe
followlngeXtendedCobb－Douglassproductionfunction：
LnVAi＝αlnEMPi＋βlnCAPi＋†1nRDl＋pUNIVi＋vUNIVi＊lnRD．＋GUNIVi＊AGEi＋
Ind＿dummy＋Pi （1）
Here，VArepresentsthevalueadded；EMPrepresentsthenumberofemployees（notincluding
R＆Demployees）；CAPrepresentstheamountoftangiblenxedassets；RDrepresentsthe
amountinvestedinR＆D；UNIVisadummyvariablerepresentlngWhetherthe丘rmParticipated
inUICfiveyearsago（1997）；AGErepresentstheageofthecompany；andind＿dummyfbr40
industrydummies．Naturallogarithmswereusedfbrallvaridblesexceptdummyvariables，and
estimationwasconductedusingcross－SeCtionaldatafromtheperiodfrom1997to1999．For
eachyear，theresultsofthisestimationwithal1丘rmSincludedinthesampleandtheresultswith
firmSgrOuPedbycompanyage（usingthesamethreegroupsasintheprevioussection）are
PreSentedinTable7．
（Table7）
9concemingthequalityofpatents，althoughanalysishasproceededusingpatentcitationdata
intheU．S．（Hal1，Jaffb，andTr毎tenberg，2001），nOdatabasesimilartothatintheU．S．hasbeen
developedinJapan．
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WhenweexaminetheresultsofanalysisforallfirmS（Modelsl，5，and9），WeSeethatthe
intersectionofUICsandR＆Dispositiveandstatistica11ysignincantforallyears，indicatlng
thattheelasticltyOfR＆DtovalueaddedisgreaterforfirmStakingpartinUICs．Althoughthe
COefncientforUICitselfispositive，itisnotstatisticallyslgnincant．Fromtheseresultscanbe
interpretedthattheeffectsofUICsdonotdirectlyaffecttheproductivityofallfactorsforthe
firm，butcontributetothecompany’sperformancebyincreaslngtheelastlCltyOfR＆Doutputs．
WhenwelookattheresultsoftheanalysisseparatelydoneforeachhrmagegrOuP，WeObserve
thatintheyoungestgroup（thegroupof丘rmSfoundedin1971orlater），thecoefncientof
interactiontermOfUICandR＆Disthegreatest．Inotherwords，theeffbctofUIConthe
elastlCltyOfR＆DoutputsisparticularlynoticeableamOngyOungCOmPanies・
Crosssectionregressionbyusingequation（1）isbasedontheassumptionthatanerrortermin
eachregressionmodelisindependentfromtheindependentvariables・However，infact，there
existunobservablevariablessuchasmanagers’capabilitiesand且rmspeci丘cintangibleasset，
WhicharetypicallycorrelatedwithindependentvariablessuchasEMP，CAPandRD．hthis
CaSe，thecoefncientsofthesevaridblesareoverestimatedascomparedtothetrueValues．h
Ordertomitigatesuchbias，WeeStimatedregressionformulauslngtheratesofgrowthofboth
dependentandindependentvariablesaswell．Theformulausedwasasfollows‥
LnVAitNAit－1＝α1止EMPiAEMPit‾1＋β1nCAPi／CAP．t．1＋†1nRDl／RDiト1＋pUNⅣ．＋vUNIV．＊
1nRDl／RDlt‾1＋Ind＿dumy＋Ind＿year＋ci　　　　　　　　　　　　　　　　　（2）
Althoughtheindependentanddependentvarid）lesarebasicallythesameasinequation（1），
eachistreatedhereasarateofgrowth．haddition，thevalueaddedwasdeflatedbyuslngthree－
digitindustrydeflatorandthecapitalstockwasdeflatedbycapitalstockdeflator．10we
estimatedthegrowthratesforeachofthefollowlngthreeperiodsbeginnlngin1997‥Oneyear
（rateofgrowth丘om1997to1998），tWOyearS（rateofgrowthfrom1997throughl999），and
threeyears（rateofgrowthfiom1997through2000）．
（Table8）
Ifunobservedvariablesinequation（1）aretimeinvariantandthisisreasonableassumptionina
Shortperiod，mOdel（2）providesconsistentcoefncientsforeachindependentvariable．However，
anotherproblemassociatedwithfixedeffecttranSformationcomesin，i．e．，attenuationeffbct
duetoerrorsinobservations（Woodridge，2002）．Forexample，negativevaluesforcapitalstock
COefncientsmaybesu句ecttothisbias．hgeneral，thiseffbctbecomeslarger，theshorterthe
10DetailsofdeflatorsaredescribedinMotohashi（2003a）．
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intervalisandthelargertheerrorsinvariablesare（GrilichesandHausman，1986）・Therefbre，
whenwelookattheresultsforModels4－9withlongerinterval，SuChproblemsshouldbe
smaller．Inthesemodels，theinteractiontermofUICandR＆Dhasapositivecoefficientsbut
notstatisticallyslgnificant．Incontrast，WeCanfindnegativeandstatisticallysignificant
coefficientstotheinteractiontermOfUICandAge．Thisindicatesthattheyoungerthe丘rm，the
greatertheeffectsofUIContherateofgrowthinproductivity・ThisfindinglSCOnSistentwith
theresultsofthecross－SeCtionalanalysISShowninTable7・
4．　Co血Clusions
Theresultsofouranalysisaresummarizedasfollows：
・WithregardtotheformOfUICactivities，forlargefirmS，afocusisputonJOlntreSearCh
intendedtoprovidelong－termbene且tssuchasincreaslngfirm’sin－houseR＆Dpotential・In
contrast，forsmallerfirmS，thepercentageoffirmSCOnductingjointR＆Dandusing
teclmologicalconsultingforachievingmorepracticalresults，SuChasthedevelopmentof
newproducts，ishigher・
・AsfordeteminantSOfUICactivities，itisobservedthatownR＆Dresourcefactorssuchas
R＆Dinvestment，aSWellaswithcompany－Sizefactors，havepositiverelationship・However，
whenweinsertnrm，sageandtheinteractiontermOffirm’ssizeandage，itturnsoutthat
amongsmallerfirms，theyoungera丘rm，themoreactiveitisinUICs・
・IntermofchangesindeteminantsofUICactivitiesovertime，itisfoundthattheyhave
SPreadoveramongrelativelyyoungandsmallfirmSWithouttheirownresearchcenters，and
thuswitharelativelysmallerR＆Dcapaclty．
・AsforUIC’simpactonR＆Dproductivlty，aSmeaSuredbasedonthenumberofpatents
heldthatweredevelopedbythecompany，POSitivebutnotsostronglmPaCtSCanbefound・
Inaddition，UICs，efbctsonR＆DproductivltyareObservedparticular1yforyoungernrmS・
・ApositiverelationshipexistsalsobetweenUICsandtheproductivityofacompany’s
productionactivities・OuranalysisindicatesthattheelasticityofR＆Dinvestmentoutputsis
higheramOngCOmPaniestakingpartinUICactivities・ThistendencylSmOrenOticeable
mongyounger丘ms．
Duetothenatureofumiverslty，devotlngltSreSOurCeSintofundamentalresearchactivities，it
doesnotsupplyreadymadeteclm010gyfornewproducttoindustry・UICsarenotmerely
teclm010gypurchasingactivities，butinvoIvesignihcantdevelopmentactivitiesonindustryside・
Therefore，UICsusedtobeconcentratedinlargefirmSWithsufncientownR＆Dresourcesin
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fiveyearsago・However，UICshavebeenspreadtosmallerhrmreCently・Newtechnology
basedfirm（NTBF）becomestohavehigherR＆DandproductionproductivitybyUICs，aS
COmParedtoothersmallhrmS・BecausesuchfirmSCannOtCOmPeteWithlargefirmSintermsof
reSourcessuchasfundingandhumanresources，theyseemtoactivelytakepartinUICs，With
morepracticalgoalssuchasthedevelopmentofnewproducts．EventhoughNTBFsfocuson
PraCticalprq］eCtS，UICsnotbringlngCOmmerCialoutcomesinstantly，areriskybusinessfor
them・RelativelyhigherpremiaofUICsonR＆Dandproductionproductivitiesamongyoung
andsmallfirmSmaySimplyreflectex－POStOutCOmeSfromriskyinvestments・Or，OnlyNTBFs
WithsuperiorinnovationmanagementcapabilitycantakerisksassociatedwithUICs．
hanyCaSe，SuChnrmCanSerVeaSanagentOfchangeincontextofJapan，sinnovationsystem
reform，WhichhasbeendominatedbylargefirmS・Table5compareslargenrmSandNTBFsin
thepattemofUICsintheframeworkofJapan’sinnovationsystem．
Table5．NTBFs，UICsandJapan’snationalinnovationsystem
Largefirms
Busines
Devl0Pdept．
．書且轍・．＿
Scopeof
t collaborativeR＆D i
? ? ? ? ? ? ? ? ? ? ? ? ? ?．??＿?????????????????????＿．．?????????????
l
NewTechnol0gy
BaSed　Firms
4．．．．．°…°．．．．．．
Scopeof
COllaborativeR＆D
‾°．．．－．t＝肩t．，．．t，
Scientincknowledge′basictechnol0gy’てuniveFSit唾：pRIs）
??????????????
?‥‥?‥?‥‥‥＝‥＝?‥?‥‥??‥‥＝‥‥，???????
Japan’sinnovationsystemfacessystemicimpedimentstoactiveR＆Dcollaborationdueto
inflexiblelabormarketandunderdevelopedcapltalandteclm0logymarket・Therefbre，
innovationactivitiesaremainlyconductedwithinlarge丘rmswithsufncientR＆Dresources
fromfundamentalresearchtocommercializationactivities．However，itisthefactthatin－house
typeinnovationstrategyforJapaneSefirmSleadtolostinintemationalcompetitioninIT
industries，becausesuchinnovationsystemdoesnotworkeffectivelyinfieldswhere
technologiCaladvanCeSPrOCeedswiftly（AndoandMotohashi，2002）．Moreover，inthe
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PharmaceuticalsR＆Dprocess，WhichischanglngraPidlyduetoadvancesinbiotechnology，ltis
Vitaltoeffectivelycollaboratewithuniversitiesandotherinstitutionsthathavescientific
knowledgein丘eldssuchasgeneticengineering（Motohashi，2003b）．In－houseinnovation
SyStemisnoteffectiveeitherinthisarea．Therefore，JapaneSeinnovationsystemneedsto
Changetowarddynamicandnetworkbasedsystemwithactiveexternalcollaborationwith
variousinnovationactors．
Inthissense，UICactivitiesbyNTBFSarepromlSlng．BecauseNTBFsdonothaveextensive
R＆Dresources，theyhaveastronglnCentivetotaponexternalresources，eVenthoughthey
havetoovercomesystemicimpedimentstonetworking．Inaddition，NTBFsneedstohave
ClearerfocusonUICs，Sincetheycannotaffordtoinvestinlongtermfundamentalresearch
Prqjectwithuniversities．UICsbyNTBFsarebenencialtouniversitysideaswell．Astrong
POlicypushonJapaneseumiversitiesforactivecommercializationoftheirresearchisputon
recently，anduniverslty’sprofbssors’mindsettinglSgraduallychanglngtOWardtoactive
engagementsinUICsforcommercializationoftheirresearch．Inthissense，Stimulationof
NTBFs’UICscanbeagreatmomentumforthereformOfwholeinnovationsystemtoward
networkbasedone．FurtherprogressinpoliciesinthisareaisbeneficialnotonlytoNTBFs
innovationactivitiesbutalsotowholeJapaneSeSOCietybyimprovlnglnnOVationenvironment
inaworldofdynamicintemationalcompetition．
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Table3：　　DeterminantsofUniversityIndustryCollaborationin2002
Colaborationwithur）iversltyin2002 JolntR＆Dwithuniversltyin2002 ＃ofco－R＆DproJeCtSLog（co－R＆Dbudget
（Problt） （Probit） （NegatlVebinomlnal） （Tobit）
（1） （2） （3） （4） （5） （6） （7） （8） （9） （10） （11） （12）
Log（employment） 0．25 0．26 －0．80 －0．75 0．28 0．27 －0．69 －0．68 －0．04 0．18 －2．08 －1．97
（0．0％1 （軋0％） （7．2％1 （10．8％） （0．0％1 （0．0％1 （128％） （14．8％） （93．7％） （70．7％） （12．6％） （146％）
Log（R＆DlnVeStrnent） 0．12 0．12 0．12 0．10 0．05 0．05 0．05 0．03 0．07 0．06 OJO 0．16
（0．0％l （0．0％） （0．0％1 （0．3％） （9．2％1 （9．6％1 （，．2％1 （35．4％） （8．2％） （19．6％） （4．8％） （27呂％）
Log（R＆Doutsoucing） 0．16 0．16 0．17 0．19 0．07 0．08 0．08 008 0．12 0．11 1．47 1．41
（0．5％1 （0．5％1 （0．4％1 （0．3％） （12．8％） （12．1％） （12．0％） （14．8％） （7．0％） （10．6％） （0．8％） （1．1％1
Log（＃ofpatentowned） 0．07 0．07 0．06 0．05 0．04 0．04 003 0．02 0．11 0．11 1．28 1．30
（5．6％1 （4．，％1 （10．6％） （18．1％） （22．0％） （25．9％） （45．3％） （64．2％） （4．8％） （5．，％1 （飢4％） （0．3％）
SeparateR＆Dcenter －0．07 －0．06 －0．11 －0．11 0．04 0．03 －0．01 －0．03 0．24 0．23 －0．31 －0．28
（71．3％） （73．2％） （54．5％） （56．2％） （82．2％） （85．1％） （96．6％） （86．4％） （40．1％） （41．6％） （62．7％） （65．8％）
Log（ageofhrm） －0．06 －1．52 －1．46 0．09 －1．24 －1．23 －0．85 －0．55 －3．62 －3．56
（57．6％） H．4％1 （2．4％1 （48．7％） （4．7％1 （5．，％1 （21．5％） （43．9％） （5．5％1 （5．7％1
Log（emp）＊log（agc） 0．2， 0．27 0．25 0．25 0．13 0．07 0．64 0．62
付．7％1 （3．0％1 （3．2％1 （4．2％1 （26．5％） （56．8％） （6．5％1 （7．3％1
Shortenlead－tlmeOfR＆D 0．25
（3．7％1
0．23
（6．3％1
0．05
（78．1％）
0．，1
（3．6％）
FocusR＆Dtheme 0．24
（4．8％1
0．22
（8．2％1
0．36
（6．1％1
0．72
（，．3％1
CostreductionofR＆D －0．13
（35．0％）
0．00
（98．0％）
0．14
（55．4％）
0．01
（982％）
ReductionofR＆Dstaffs －0．01
（96．0％）
－0．08
（76．3％）
－0．18
（64．1％）
－0．48
（60．2％）
Explorenewresearchfields 0．57
（0．0％1
0．60
（仇0％1
0．71
（0．0％）
1．17
（0．7％）
Identifymarkedneeds 0．08
（51．0％）
0．18
（14．0％1
0．06
（75．4％）
－0．05
（908％）
CommerclaizationofR＆Dseed
l
S 0．23
（13．2％）
0．18
（29．0％）
0．12
（63．1％）
0．14
（80．5％）
UpgradingtechnologyfoundatlOn 0．17
（28．4％）
－0．07
（67．3％）
0．11
（65．8％）
0．73
（19．7％）
Absorbingexternalteclm01ogleS 0．15
（34．3％）
0．09
（57．0％）
0．06
（81．2％）
0．85
（11．1％）
hdustrydummy yeS yeS yeS yeS yeS yCS yeS yeS yeS yeS yeS yeS
＃ofobservations 724 724 724 724 679 679 679 679 751 751 751 751
Note：Eachcellshowsregressioncoefficientandprobability＞It－Valuel．Boldtypeifitisstatisticallyslgnificantat10％．
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Table4：DeterminantSOfUICin1997Table5：DeterminantsofUICstartlngfroml997to2002
Colaborationwithuniv．in1997
（Probit）
（1） （2） （3）
Log（employment） 0．22 0．22 －0．33
（0．3％） （0．4％1 （48．3％）
Log（R＆Dinvestment） 0．06 0．06 0．06
（臥6％） （8．6％） β．2％）
Log（R＆Doutsoucing） 0．24 0．25 0．25
（0．0％） （0．0％） （0．0％）
Log（＃ofpatentowned） 0．10 0．10 0．0，
（2．1％） （2．，％） （4．1％）
SeparateR＆Dcenter 0．35 0．34 0．32
（7．1％） （8．4％） （10．7％）
Log（ageoffirm） 0．09
（47．4％）
－0．70
（30．0％）
Log（emp）＊log（age） 0．15
（23．5％）
Industrydummy yeS yeS yeS
＃ofobservations 629 628 628
Startedcolaborationwithuniv
kHhese5years（PRO】3汀）
（1） （2） （3）
Log（employment） 0．04 0．06 －0．01
（69．1％） （49．1％） （98．1％）
Log（R＆Dinvestment） 0．03 0．03 0．03
（47．1％） （48．7％） （49．2％）
Log（R＆Doutsoucing） －0．09 －0．10 －0．10
（24．1％） （18．9％） （19．4％）
Log（＃ofpatentowIled） －0．02 －0．01 －0．01
（77．4％） （85．3％） （84．3％）
SeparateR＆Dcenter －1．24 －1．22 ■1．23
（0．4％） （0．4％） （0．5％）
Log（ageofnm） －0．23
（8．2％）
－0．34
（67．3％）
Log（emp）＊log（age） 0．02
（89．0％）
hdustrydummy yeS yeS yeS
＃ofobservations 575 574 574
Note：Eachcellshowsregressioncoefncientandprobability＞lt－Valuel・BoldtypeifitisstatisticallyslgnificantatlO％・
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Table6：UniversltyindustrycollaborationandR＆Dproductivity
Patent（byyear） Patent（byagegroupsoffirm ）
1997 1998 1999 －1950 －1970 197ト
（1） （2） （3） （4） （5） （6）
Log（R＆Dinvestment） 0．38 0．43 0．55 0．60 0．47 0．30
（仇0％1 （0．0％1 （0．0％1 （0．0％1 rO．0％1 （0．0％1
Log（employment） 0．61 0．59 0．44 0．48 0．13 0．28
（0．0％） （0．0％） （0．0％） （0．0％1 （21．8％） （7．，％）
R＆Doutsouclng 0．17 0．13 0．09 0．24 0．04 0．23
（1．6％） （5．9％） （18．7％） （0．0％） （61．3％） （1．8％）
Co－R＆DwithUnivin 1997 1．43 0．42 2．3， 11．82 －2．63 4．05
（33．7％） （76．6％） （6．8％） （2．1％） （46．9％） （0．8％）
Log（ageofnm ） 0．84 0．58 0．73 0．03 0．85 1．26
（0．1％） （1．0％） （0．2％） （97．4％） （16．6％） （0．0％）
Co－RDin97＊Log（AGE） －0．25 0．05 －0．47 －2．94 0．94 －1．13
（54．1％） （89．0％） （19．3％） （2．2％） （34．9％） （4．0．‰）
IndustryDummy yeS yeS yeS yeS yeS yeS
YearDummy － － yeS yeS yeS
Numberofobservations 707 744 786 1188 1630 819
Note：Eachcellshowsregressioncoefncientandprobability＞It－ValueJ・BoldtypeifitisstatiStiCallyslgnificantatlO％・
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Table7：Universltyindustrycollaborationandproductionproductivitylevel
Crosssection（1997） Crosssection（1998） Crosssection（1999）
dlfinns －1950 －1970 1971－ allfim s －1950 －1970 197ト alfim s －1950 －1970 1971－
（1） （2） （3） （4） （5） （6） （7） （8） （9） （10） （11） （12）
Log（employment） 0．77 0．73 0．73 0．75 0．78 0．77 0．73 0．76 0．75 0．80 0．70 0．71
（0．0％） （0．0％） （0．0％） （0．0％） （0．0％） （0．0％） （0．0％1 （0．0％） （0．0％） （0．0％） （0．0％） （0．0．榔）
Log（capitalstock） 0．18 0．23 0．23 0．14 0．17 0．23 0．20 0．11 0．18 0．21 0．22 0．13
（0．0％1 （0．0％） （0．0％1 （0．0％） （0．0％1 （0．0％） （0．0％1 （0．1％1 （0．0％） （0．0％） （0．0％1 （0．0％1
Log（R＆Dinvestment） 0．05 0．05 0．04 0．06 0．05 0．02 0．04 0．0！I 0．0， 0．05 0．08 0．11
（0．0％1 （0．1％） （1．3％） （0．6％1 （0．0％1 （23．1％） （0．6％1 （0．1％） （0．0％） （2．5％） （0．0％） （0．1％）
Co－R＆DwithUnivin1997 0．22 －0．38 0．23 0．63 0．16 －0．35 －1．18 0．69 0．14 0．26 －0．86 －0．32
（26．2％） （65．6％） （78．3％） （20．0％） （45．2％） （69．1％） （17．5％） （27．5％） （47．0％） （78．2％） （34．2％） （42．9％）
LogRD＊Co－R＆Din1997 0．03 0．02 0．03 0．08 0．03 0．04 0．02 0．04 0．03 0．02 0．04 0．09
（1．1％） （31．6％） （18．8％） （4．5％） （4．2％） （10．7％） （35．0％） （46．3％） （3．9％） （36．7％） （16．5％） （8．5％）
Log（Age）＊Co－R＆Din1997 －0．07 0．09 －0．07 －0．32 －0．05 0．07 0．32 －0．27 －0．08 －0．10 0．20 0．04
（19．6％） （66．3％） （77．4％） （5．2％） （35．8％） （77．1％） （17．7％） （22．7％） （14．8％） （68．3％） （42．4％） （77．6％）
＃ofobservation 705 234 318 153 741 239 333 169 786 249 351 186
Note：Eachcellshowsregressioncoemcientandprobability＞lt－Valuel・BoldtypeifitisstatistiCallyslgnificantat10％・
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Table8：Universltyindustrycollaborationandproductivitygrowth
Growth from 1997to98 l　 Grow血 丘om 1997to99 Growth from 1997to2000
l （1） （2） （3） l （4） （5） （6） （7） （8） （9）
Log（employment）：grOWth 0．4， 0．49 0．49 0．60 0．5， 0．58 0．50 0．50 0．49
（0．0％） （0．0％1 （0．0％） （0．0％） （0．0％） （0．0％） （0．0％） （0．0％） （0．0％）
Log（capital stock）：grOWth －0．0！I －0．09 －0．10 0．01 0．01 0．01 0．12 0．12 0．12
（10．0％） （10．0％） （8．7％） （88．8％） （83．8％） （88．8％） （0．4％） （0．4％） （0．5％）
Log（R＆D investment）： 0．01 0．01 0．01 0．01 0．00 0．00 0．00 0．01 0．01
grow血 （11．1％） （13．2％） （13．1％） （20．5％） （70．9％） （70．4％） （50．4％） （25．3％） （25．1％）
Co－R＆Dwith Univin19 －0．01 －0．01 0．23 －0．02 －0．03 0．55 0．02 0．02 0．54
（74．5％） （76．5％） （76．5％） （45．8％） （27．0％） （27．0％） （40．6％） （44．7％） （44．7％）
LogRD＊Co－R＆D in199 － 0．00 0．00 0．03 0．03 －0．01 －0．01
growth （76．6％） （77．0％） （13．7％） （20．7％） （34．6％） （22．3％）
Co－R＆D＊Log（Age） －0．06
（10．8％）
－0．16
（0．1％）
－0．14
（0．8％）
Industrydummy yeS yeS yeS yeS yeS yeS yeS yeS yeS
＃ofobservations 688 688 688 705 705 705 664 664 664
Note：Eachcellshowsregressioncoefficientandprobability＞It－ValueI・BoldtypeifitisstatisticallyslgnificantatlO％
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ABSTRACT
WhatisdrivingtheremarkableincreaseoverthelastdecadeinthepropensltyOfpatentstocite
academicscience？Doesthistrendindicatethatstrongerknowledgespilloversfromacademia
havehelpedpowerthesurgeininnovativeactivltyintheU・S・inthe1990S？Thispaperseeksto
Shedlightonthes？queStionsbyusingacomーOnemPiriCalframeworktoassesstherelative
importanceofvanousaltemativehypotheseslneXPlainlngthegrowthinpatentcitationsto
SCience．MyanalysissupportsthenotionthatthenatureofU・S・inventiveactivityhaschanged
OVerthesampleperiod，Withanincreasedemphasisontheuseoftheknowledgegeneratedby
university－basedscientistsinlateryearS・However，theconcentrationofpatent－tO－PaPerCitation
activitywithinwhatIcalltheHbionexusHsuggeststhatmuchofthecontributionofknowledge
SPilloversfromacademiamaybelargelyconfinedtobioscience－relatedinventions・
．Acknowledgements：IthankseminarpartlCIPantSattheNBERSummerhstitute，Columbia
BusinessSchool，theUCLAAndersonGraduateSchoolofManagement，HitotsubashiUmiversity，the
UmiversityofTokyo，andtheNBER，CREST－CRIWZviGrilichesMemorialConfbrenceforuseful
COmmentSandsuggestions．Ialsowishto′thankanurhberofacademicscientistsandindustrialR＆D
managerSforprovidingmewiththeirinsightsintotheprocessbywhichknowledgeflowsfrom
academiatoindustry・Byprioragreement，theywillremainanOnymOuS・IamindebtedtoMasami
lmai，Hiau－LooiKee，ChangxiuLi，KaoruNabeshima，and，eSPeCially，YoshiakiOguraforexcellent
researchassistanCe．IwouldliketothankTonyBreitzmanandFranCisNarinofCHI－Research，Adam
Jaffe，andMarieandJerryThursbyfortheirhelpinobtainingthedatausedinthisstudy・Thehstitute
ofEconomicResearchatHitotsubashiUniversltyPrOVidedahospitableenvironmentinwhichpartof
thispaperWaSWritten，Ithankthefacultyandstafffortheirsupport・ThisprQ］eCtWaSfundedby
grantSfromtheUniversityofCalifomiahdustry－UniversityCooperativeResearchProgram，the
NBERPrqjectonhdustrialTechnologyandProductivity，theJapanFoundationCenterforGlobal
Partnership，andtheNationalScienceFoundation・Allviewsexpressedinthispaper，however，arethe
au血or’sownoplmOnS・
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I．　　IntroductiotL
RecentresearchpointstoanevidentsurgeininnovativeactivityintheUnitedStatesover
thepastfifteenyears・lThisissuggestedby，amOngOtherthings，aSharpnseinpatent
applicationsandpatentgrantsthatstartedinthelate1980sandhaspersistedthroughtheendof
the1990S－arisethathasoutpaced，byaconsiderablemargln，increasesinpublicandprivate
R＆Dspending．Whilealarge丘actionofU．S．patentgrantsareawardedtofbreignlnVentOrS，the
fractionobtainedbydomestiCinventorshasrisen－andthisfractionhasrisenparticularlyrapidly
in丘eldswherepatentinghasgrownmostsharply．Therecentpatentsurgecouldpotentiallybe
explainedbyanincreaseinthepropensltyOfAmericanstopatentinventions，rathertha11an
increaseintheproductivltyofAmeriCanreSearChanddevelopment，buttherecentresearchof
KortumandLernerll998，2000，2003］stronglysuggeststhatrecenttrendsinpatentingand
relateddataaremoreconsistentwiththelatterinterpretation．Ifthisconclusioniscorrect，thenit
couldhelpexplainthewidelyobservedincreaseinU・S・TFPgrowthinrecentyears・2
ButifAmericanR＆Dproductivityhasincreased，thenthatraisesthequestionofwhat
factorsaredrivingtheincrease・3Thispaperattemptstoassesstheimportanceofonepossible
COntributingfhctor－increasedknowledgespilloversfromU．S．－basedacademicscience．In
essence，thispq）erisanattempttoexplainthephenomerlOngraPhedoutinFigureI．Thisfigure
ShowsthatcitationsmadebypatentsgrantedintheUnitedStatestoarticlesinthescientific
literatureincreasedveryrapidlyfromthemid1980Sthroughthelate1990S・40verthisperiod，
thenumberofpatentsgrantedbytheU．S．PatentandTrademarkOfncetoU．S．residentsmore
l seeJaffeandLerner［forthcoming］，KortumandLemer［1998］，KortumandLernerl2000］，andKortum
andLemer【2003］．
2seeGordon［2000］andDeLongl2001］．
3TheworkofKortumandLemerl20（泊］hasstressedthepotentialroleofventurecapital－1inked伝rmsin
improvlngU．S．R＆Doutput．
4Thisgraphdoesnotbreakdowngrowthincitationsbythenationalityoftheinventor，butdatafromthe
2002NationalScienceandEngineeringlndicatotlShowsthatthemaJOntyOfthesecitationsaremadeby
domesticpatentapplicaLntS，andU．S．－basedacademicscienceisdisproportionatelylikelytobecited．The
fractionofcitationstosciencemadetoU．S．authorshasincreasedoverthisperiod．SeealsoNarinet．al．
［1997］andHickset．al．［2001］．
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thandoubled，realR＆DexpendituresintheUnitedStatesrosebyalmost40％，andglobaloutput
Ofscientificarticlesincreasedbyabout13％，butpatentcitationstoscienceincreasedmorethan
13times・5ManyattheNationalScienceFoundationandotherU・S・SCiencepolicyagencies丘nd
thisgraphextremelyinterestlng，becauseitseemstosuggestqatleastinsomebroadsense－that
academicscienceandindustrialteclm0logyare“closer’’thantheyusedtobe．Thiscouldmean
thatpubliclyfundedscienceisgeneratlngmOreSPilloverstoindustrialinnovationthaninthe
past・6This，intum，mayhavecontributedinimportantwaystotheapparentsurgeofinnovative
activityintheUnitedStatesinthe1990S．
Thispositiveinterpretationofrecenttrendsinthedataisinfluencedbythetheoretical
COntributionsofEvensonandKislevl1976］andthemorerecentanalysistheirworkinspired，
SuChasAdamsl1990］andKortuml1997］．InthisgeneralClassofmodels，apPliedresearchisa
SearChprocessthateventuallyexhauststhetechnologlCalopportunitieswithinaparticularfield．
However，basicsciencecanopenupnew“searchdistributions”forappliedresearchers，ralSlng
theproductivltyandthelevelofappliedresearcheffbrt－atleasttemporarily．Viewedthrough
thistheoretiCallens，theconcurrenceofrapidgrowthinU．S．privateR＆Dexpenditures，eVen
morerapidgrowthinpatenting，mOuntlngeVidenceofanaccelerationinTFPgrowth，andsti11
morerapidgrowthintheintensltyWithwhichU．S．patentsciteacademicsciencewouldallseem
tosuggestaresponsetonewtechnologicalopportunitiescreatedbyacademicresearch．Not
SurPrisingly，0theradvancedindustrialnationsaredeliberatelytrylngtOfbstercloserconnections
betweenuniversity－basedscientificresearchandindustrialR＆Dinconsciousimitationofthe
“U．S．model．”
However，increaslnglystrongknowledgespilloversfromacademicsciencetoindustrial
R＆DareonlyoneofseveralfactorsthatcouldbedrivingthechangeSillustratedinFigureI．
5Thesedatacomefromthe2002editionoftheNationalScienceandEngineeringlndicatotT・Thedataon
SCienti丘carticleoutputmayunderstatethegrowthinarticles，butevenasubstantialcorrectionofthe
OfncialstatiSticswouldleavethebasicmessageofFigurelessentiallyunchanged．
6ThisinterpretationhasbeenstressedinrecenteditionsoftheNationalSbienceandEngineenng
h7dicatotTandintherecentworkofNarinet．al．［1997］．
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Furthermore，eVenifsuchknowledgespilloversaregrowlnglnStrength，thiscouldbehappenlng
inanumberofdiffbrentways，Whichhavedif缶rentimplicationsforpublicpolicy．Alittle
thoughtandacursoryreadingoftherecentliteraturegenerateatleastfburaltemativehypotheses
thatcouldexplaintherecenttrendsinthedata・The伝rstisthe‘伽cnasihgseibntyおjkuHio，H
hypothesis，WhichpositsthatmorerecentcohortsofscientificpaperSCOntainmorediscoveries
thataredirectlyapplicabletoindustrialresearchanddevelopment，andthatthistrendholdsacross
manyfieldsofscience．Underthishypothesis，knowledgespilloversfromacademiatoindustry
areincreaslngPnmarilybecauseofaqualitativechangeinthenatureofthesciencebeing
conductedatuniversities．7
Thesecondisthe‘与油〟ng毎methodsqrのventio〃，，hypothesis，Whichpositsthat
industrialinventorshavechangedthewaytheycreatenewtechnology．Thenewapproachto
R＆Ddrawsmoreheavilyonacademicsciencethaninthepast，thoughitdoesnotnecessarily
drawexclusivelyonthemostrecentlypublishedarticles．Thiswouldbereflectedinanincreaslng
PrOPenSityformorerecentcohortsofpatentsacrossawiderangeoftechnical丘eldstocite
SCience．Now，thisincreasedpropensityformorerecentpatentstocitesciencecouldverywell
reflectaresponsebyfirmstonew“teclm010giCalopportunities”generatedbyacademicscientific
breakthroughS．Thepointbeingstressedisthatitistheinventorsthemselveswhoaregenerating
theincreasedcitationsastheyalterthedirectionandnatureoftheirR＆Dprogramstoprobethe
newopportunitiesforindustrialresearchcreatedbybasicscience．Likethe丘rsthypothesis，this
impliesthatkr10Wledgespillovers丘omacademicscienceareincreaslngOVertime，butthe
mechanismdrivingthisincreaseisdiffbrent．
7Iwillnotethathereandelsewhere，IambeingabitlooseinmyuseofthetemHknowledgespillover・，，
Theknowledgeflowsfromacademiatoindustryareonlypurespilloverstotheextentthatindustrial
inventorsreceivethemforfrec・Infhct，COnVerSationswithindustry－basedR＆Dmanagerssuggestthat
investmentsonthepartofthefirm（Ofvariouskinds）arenecessaryinordertoefftctivelylearnfromthese
knowledgeflows－SOthattheyarenotpurespillovers．SeeCohenandLevinthal［1988］，Zuckeret．al．
［1998］，andCockburn，Henderson，andStem［1999］．
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Thethirdisthe‘t：ha肺CO〝甲OS肋nq／b”enthln，，hypothesis，Whichpositsthat
inventionincertainareasofteclm010gyhasbeencloselylinkedtoscienceforsometime，and，
likewise，SOme伝eldsofsciencehavealwaysbeenfrequentlycitedbyindustrialpatents．Under
thishypothesis，therehasbeendisproportionategrowthinpatentlnginfrequentlycltlngPatent
Classes．Similarly，grOWthinacademicpublicationshasbeenbiasedtowardsthose丘eldsof
sciencewhichhavehistoricallybeenmorecloselylinkedtoindustrialR＆D・Inotherwords，at
thelevelofindividualteclmologyclassesandscientificfields，therehasbeenlittlechangeinthe
relationshipbetweenscienceandtechnologyperse－rathertherehasbeenachangeinthe
distributionofpatentsandpapersthatgeneratestheobservedincreaseincitations・Avariantof
thishypothesisnotesthattherehasbeenrapidgrowthinpatentingbyuniversities，andthatthis
Changeinthecowositionqf．inventoTTmightalsocontributetothegrowthinpatentcitationsto
SClenCe．
Stronglybiasedgrowthinfrequendycitingpatentclassesandfrequentlycitedfieldsof
SCiencecoulditselfreflectaresponsebybothindustrialinventorsandacademicscientiststothe
“technologicalopportunities”createdbyaseriesoffundamentalscientificbreakthroughs・Infhct，
onemight丘ndwithinthisHnexusMofpatentclassesandscientificfieldsevidenceofchanglng
methodsofinventionand／orincreasesinscientificfbrtility，SuChthattheintensltyOfinteraction
betweenscienceandinventionactual1ygrowsovertime．Thepointbeingstressedinthis
”changlngCOmpOSition”hypothesisisthatthenewtechnologicalopportumities，iftheyexist，are
qulteSpeCifictoasmallnumberoftechnicalandscienti丘C伝elds，andonedoesnotobservea
broad－basedchangeacrossfieldsoftechnologyorfieldsofsciencethatisconsistentwith
substantiallychanglngmethodsofinventionorsubstantiallyincreasedsCientificfbrtility・
Thefburthhypothesisisthe‘切加叫両軸朋，，hypothesis，Whichpositsthatthechange
inpatentcitationsisentirelydrivenbychangesincitationspractices・ForvariousstrateglC
reasonsconnectedtothedesiretoimpresspatentexaminers，thefbarofsubsequentlitigation，Or
both，PatentlawyershaveinstruCtedtheirclientstoincreasethenumberofcitationsmadetothe
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SCienti丘cliterature．TheincreaslngaVailabilityofdataonthescientificpnorartinelectronic
formhasloweredthecostsofsuchcitations，furthercontributingtotheirgrowth．Thishypothesis，
initsextremeversion，SuggeStSthatlittlecanbeleamedaboutthechanglngrelationshipbetween
SCienceandtechnology丘’OmPatentCitationdata．
ThesehypothesesarenOtmutual1yexclusive，buttheyhavequitediffbrentimplications
fortheappropriateinterpretationofthegrowthinpatentcitationstopapers．Inorderto
understandwhatFigureIreallymeans，howitrelates（OrnOt）totherecentAmeriCaninnovation
Surge，andwhattheappropriatepolicyresponseis，itisnecessarytosortouttherelative
importanCeOfthesehypothesesinexplainlngthetrendillustratedinthatgraph．
TherestofthepaperislargelydevotedtoaneXaminationoftherelativeimportanceof
thesehypotheseswithinacommonempiriCalframework．Ifindthataggregatetrendsinthedata
arelargelyexplainedbyacombinationofthe“compositionhypothesis”andthe“changlng
methodsofinvention”hypothesis．ToasurprlSlngeXtent，themeasuredincreaseinpatent
CitationstopapersislocalizedwithinarelativelynarrowsetoftechnologleSandscienti丘Cfields
relatedtobiotechnologythatIwilltermthe“bionexus．”Patentingandpublicationinthesefields
hasgrownovertime，andinventorsworkinginthesetechnologieshavesubstantiallyincreasedthe
extenttowhichtheybuildoIISCience．Citationstosciencehavealsoincreasedoutsidethebio
nexus，andtherelativechangeovertimehasbeensubstantial，butthetotalnumbersofcitations
OutSidethebionexusremainrelativelysmall．Intherawdata，thereisalsoampleevidenceofa
dramadc“attorney－driven”increaseinacademiccitationinthemid－1990S．However，COntrOlling
forthislegally－drivenincreasedoesnotqualitativelyaffbcttherelativeimportanCeOfchanglng
COmPOSitionandchanglngmethodsofinvention．KeyaspectsoftheseconclusionsareCOnSistent
Withotherrecentpapersinthisarea．
Thenextsectionplacesmyapproachinthecontextoftheemerglngliteratureonthe
interactionbetweenacademicscienceandindustrialinvention．IgoontodescribetheemplriCal
framewotkemployedinthispaper，andreportmymain鎖ndings．htheconcludingsection，I
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OutlinesomepolicylmPlicationsofmyresultsanddirectionsforfutureresearch・Themain
messageofthispaperisthatincreasedknowledgeflowsfromacademiamayhavecontributed
SignificantlytotheinnovationsurgereflectedintheU・S・PatentStatistics，butmostofthatimpact
isconfinedtoanarrowlocusoftechnologiesandscienti丘cfields．
II．　　TheLinkBetweenAcademicScienceandIndustria］I皿nOVation
HistoriCalPers
Fromtheirinception，PubliclysupporteduniversitiesintheU・S・Werefbcusedontrainlng
studentsinthe…practicalarts・H8Inthelate19thand20thcenturies，thesearchforcommercial
applicationsoftheprecedingdecades’scientificdiscoveriesledtotheearlycreationwithin
AmeriCanuniversitiesofnewenglneeringdisciplines，includingchemiCalenglneenng，electriCal
englneenng，andaeronauticalenglneenng・However，PrOgreSSatthescientificfrontierwasstill
dominatedbyEuropeaninstitutionsuntilthecataclysmofWorldWarII・
ThelargeU．S．postwarinvestmentinbasicresearch，muChofitconcentratedin
universities，andthemassmlgrationofleadingEuropeanscientiststotheUnitedStatesquickly
establishedAmericaastheleadingcenteroffrontierscientificresearchlRosenbergandNelson，
1994］．Theinfusionoffbderalfundswaspredicatedonthenotionthatinvestmentinbasic
SCiencewouldeventuallyleadtousefultechnologicalinventionforuseinbothindustryandin
nationaldefbnse．However，earlyattemptstoassessthestrengthofthisconnectioninthepostwar
erasuggestedthatrelationshipbetween“丘ontier”academicscienceandindustrialinvention，
whileobviouslyimportant，WaSneitherclosenordirect・9
LessonsfromtheRecentLiterature
8　RosenbergandNelsonll994］provideaneXCellentstudyofthehistoryofinteractionbetweenAmerican
universitiesandindustry・
9　see，forexample，DerekDeSollaPricel1965］andLieberman［1978］・Thisviewwasgenerally
SuPpOrtedbytheDefenseDepartment’Sambitious“PrqjectHindsight”studyoftheimpactofbasic
scientificresearchonweaponsdevelopment，WhichconcludedthatthepnmarylmPaCtCamenOtfrom
scienceattheresearchfrontier，butinsteadfrom“packed－down，thoroughlyunderstood，Carefullytaught
oldscience，”suchasthattypICallypresentedintextbooksoruniversltyCOurSeS・SeeSherwinandIsenson
l1967］，fromwhichthequotedphraseistaken，forareviewofPrqiectHindsight・
ー171－
DrawlnguPOnaWiderangeofdatasourcesandmethodologiCalapproaches，therecent
economicsliteraturesuggeststhatthelinkagebetweenffontierscienceandindustrialtechr）010gy
isstrongerandmoredirectthaninthepast・10casestudies，managerinterviews，andsurveyshave
beenusedtoassessthemagnitudeofthisimpact，thechannelsthroughwhichitflows，and
changesinthesefactorsovertime・11ThesestudiessuggestthatfirmSPerCeiveacademicresearch
tobeanimportantlnputintotheirownresearchprocess，thoughthisimportancedifftrswidely
acrossfirmsandindustries・12Asecondstreamofrecentresearchhasundertakenquantitative
Studiesofknowledgespilloversfromacademicresearch．Jafftl1989］andAdamSl1990］were
earlycontributorstothisliterature．Morerecently，Jaffbet．al．［1993，1996，1998］haveuseddata
OnuniversltyPatentSandcitationstothesepatentstoquantifyknowledgespilloversfrom
academicscience・13whilepatentingbyuniversitieshasincreasedsubstantiallyintheUnited
Statesoverthelasttwentyyears，thereisevidencethatasthenumberofuniversitypatentshas
grown，themarginalqualityofthosepatentshasdeclined・14
ArelatedstreamOfresearchhasundertakenquantitativeanalysisofuniversity－indus仕y
researchcollaboration．ContributorsincludeZuckeret．al．［1998］andCockburnandHenderson
［1998，2000］・Anumberofpapersinthisliteraturehavestudied“start－up”activityrelatedto
academicscienceoracademicscientists，SuChasZuckeret・al・［1998］andAudretschandStephan
［1996］・Finally，SeVeralrecentstudieshaveexaminedumiversitylicensingofuniversitygenerated
inventions，SuChasBamesetal・［1998］，Moweryet・al・［1998］，ThursbyandThursbyl2002］，
Shanel2000，2001］，andLachandSchankerman［2003］．Whilethecountsoflicensedinventions
havegrownovertime，thereisalsoevidencethat，likepatents，themarginalValueoflicenseshas
10ForacomprehensiveliteraturereviewthatcoversrelevantresearchbeyondtheeconomicsJOurnalS，See
Agrawal［2001］．
llImportantrecentstudiesrelyingpnmari1yoncasestudytechniquesandsurveysincludeManSBeld
l1995］，Cohenet・al・［1994］，FaulknerandSenkerll995］，Gambardellal1995］，andAgrawaland
Henderson［2002］．
12Whilethechannelsbywhich丘rmsabsorbtheresultsofacademicresearchvaryaCrOSSindustries，the
Cohenet・al・［1994］Studysuggeststhattheformalscientificliteratureis，OnaVerage，animportantChannel．
13Bames，Mowery，andZiedonis［1998］andMowery，Nelson，Sampat，andZiedonisl1998］have
undertakenasimilarstudyforasmallernumberofuniversities．
14　seeJaffb，Trajtenberg，andHenderson［1998］andHicksetal．［2001］．
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declinedastheirnumberhasincreasedlThursbyandThursby，2002］．FurthermOre，thisstreamof
literaturesuggeststhatinventionsgeneratedbyuniversitiesaretypical1yquite“embryonic”－
bringlngSuChinventionstothemarketrequlreSeXtenSiveadditionalinvestmentbypnvatefirmS．
PatentCitationstoAcademicScienceasMeasuresofKnowledillover
Thispaperwillusepatentcitationstoacademicpaperstomeasureknowledgespillovers
betweenacademicscienceandindustrialR＆D・15Asindicatorsofknowledgespilloversfrom
academiatothepnvatesector，thesedatahaveanumberofadvantages．Theacademicpromotion
SyStemCreateSStrOnglnCentivesfbracademicscientists，regardlessofdiscipline，tOPubhshall
researchresultsofscientincmeriL Asaconsequence，thetop－rankedresearchuniversities
generatethousandsofacademicpaperseachyear．Similarly，inventorshaveanincentiveto
Patenttheirusefulinventions，andalegalobligationunderU．S．patentlawtomakeappropriate
Citationstothepnorart胃includingacademicscience．
Therecentresearchdiscussedinpreviousparagraphsindicatesthat，inresponsetothe
Bayh－DoleActandotherpublicpolicymeasures，universitieshaveincreasedtheextenttowhich
theypatenttheresearchofumiversity－a爪liatedscientists．Theyhavealsoincreasedtheextentto
WhichtheylicensethesepatentedtechnologleStOPrivatefirms．Nevertheless，itisclearto
ObserverSthatonlyatiTVPactionofthetypicalresearchuniversity’scommerciallyrelevant
researchoutputiseverpatented，andonlyafractionofthissetofpatentsiseverlicensed・16To
i11ustratethis，FigureⅡshowsthetrendsoverthe1988－1997periodinseveralalternativeindices
OfuniversityreSearChoutputandknowledgespilloversforoneoftheuniversitysystemsinmy
dataset，theUniversltyOfCalifomia，Whichincludesnineseparatelymanagedcampusesanda
numberofaffiliatedlaboratories．Thefiguregraphsuniversitypatentsbyissueyear（PatentS），
inventiondisclosuresbyyearofdisclosurefiling（inventiondisclosures），neWlicensesof
15Indoingso，IambuildingontheworkofFrancisNarinandhiscollaborators，WhohaveplOneeredthe
useofthesedatainlarge－SamPle“bibliometriC”analysis．SeeNarinetal．［1997］andHicksetal．［2001］
forrecentexamplesofthiswork．
16Thisresultisalsoemphasizedstronglyintheinterview－basedevidencepresentedbyAgrawaland
Henderson【2002］．
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universitytechnologybydateofcontract（licenses），thenumberofcitationstopreviousuniversity
patentsbyissueyearofthecitingpatent（CitationstoUCpatents），andthenumberofcitationsto
UC－generatedacademicpapersbyissueyearofthecitingpatent（citationstoUCpapers）．Clearly，
Citationstopapersarefarmorenumerousthananyotherindicator．Thisfiguresuggeststhat
patentcitationstoacademicpapersmayprovideamuchbroaderwindowthroughwhichto
ObserveknowledgespilloversfromacademicsciencetoinventiveactivitythananyaVai1able
alternative．17
CitationstoscientificarticlescanreflectlearnlngOnthepartofindustrialinventors
throughmultiplechannels．ForinstanCe，afirmmayleamaboutausefu1scientificdiscovery
throughanin氏）rmalconsultingrelationshipwithanacademicscientistorthroughthehiringof
graduatestudentstrainedbythatscientistratherthanthroughasystematicandregularreadingof
theprofbssionalscientificliterature．Eveninthesecases，theconfluenCeOfacademicscientists’
interestinrapidpublicationofsigni丘CantdiscoveriescombinedwithfirmS’1egalobligationto
CiterelevantpriorartmeanSthatcitationstoscienti丘carticleswiuoftenshowuplnPatent
documents，prOVidinga“papertrai1”ofknowledgediffusion，eVenWhentheparticularmeanSOf
knowledgediffusionwassomethingotherthaJlthepublicationitself．
Whatmymethodologicalapproachclearlyfhilstomeasureisthecontributionof“01d
SCience”toindusbialinvention．AsignificantCOmPOnentOftheconsultingworkundertakenby
universityfacultyconsistsofhelpingprivateindustryunderstandandapplywell－eStablished－Or，
“01d”－SCientifictechniquesandenglneerlngPrlnCiples，ratherthanhelpingfirmsincorporatethe
latestfrontierscienceintotheirresearChagendas．Likewise，reCentSCienceandenglneerlng
graduatesareoftenemployedinfunctionsthatarequitefhrremovedfromthescientificfrontier，
butareneverthelessqulteeCOnOmiCallyimportanttOthefinanCialsuccessoftheiremployers．
Thisconbibutionwi11becompletelymissedbymyapproach．Insuchcases，thereisnonew
170therrecentstudiesuslngdataonpatentcitationstoscientificpapersincludeworkbyFlemlngand
Sorensonl2000，2001］andLiml2001］・Neitherofthesestudiesfocusesonthelargechangeincitationsto
academicscienceoverthecourseofthe1990S，Whichisthefocushere．
10
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Patentedinventionincorporatingrecentscience・Butastheolderliteratureonuniverslty－
industryinteractionhasstressed，thepropagationof“old”scientificandengineeringknowledge
toindustrythroughtraimingandconsultingisalongLStandingjとatureQftheAmericanuniversio7
gLdem・Thenewdevelopmentstressedbytherecentliteratureisthecloserrelationshipbetween
technologyandrelativelyrecentscience．Itispreciselythisaspectofuniverslty－industry
interactionthatmymethodologicalapproachwillmostcloselyreflect．
III．　ExaminingPatetLtCitationstoScienCe：ACitationsFunctionApproach
IfIamtOmeaSuretherelativeimportanceofthefouralternativehypothesesoutlinedin
theintroduction，thenitisessentialthatIexaminechaJlgeSinpatentcitationstopaperswhile
COntrOllingfbrgrowthandchangeSinthedistributionacross丘eldsofthepopulationof
POtentiallycitedpapers，grOWthandchangeSinthedistributionacrossfieldsofthepopulationof
POtentiallycitingpatents，aJlddiffbrencesinthehistoricalpropensityfordiffbrentcategoriesof
PatentStOCitescience．Whileitwouldbeimpracticaltodothisfbrtheuniverseofacademic
PublicationsandU．S．patents，ithasbeenpossibleformetoobtainandlinktherequlSitedatafor
thecamPuSeSandaffiliatedresearchunitsoftheUniversltyOfCalifomia，StanfordUniverslty，the
CalifbmiahstituteofTechnology（Caltech），andtheUniversityofSouthernCalifomia・These
arethepnncipalsourcesofacademicresearchinthestateofCalifomia・Infbrenceinthispaper
WillbebasedonU．S．patentcitationsmadetoscientificarticlesgeneratedbytheseinstitutions・
Thereisnogeographicrestriction，however，Onthelocationoftheinventorofthecitlngpatent・
ThefocusonCalifbmia－basedacademicinstitutionsassourcesofsciencecleadylimits
thescopeofthisstudy，butitisalsotruethatthegeographiclocusofinnovativeactivityinthe
UnitedStatesoverthe1980sand，Particularly，the1990S，hasshiftedratherdramatical1y丘omthe
EastCoasttoCalifomialHicksetal．2001］．Oneofthereasonsgivenforthisshiftisthequality
OftheuniversityscienceinfrastruCtureinCalifbmia，tOWhichlocalfirmSarebelievedtohave
prefbrentialaccess．Amongotherthings，thispaperwillsubmitthatbelieftoanemPiriCaltest・
11
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RelatedresearChstronglysuggeststhatthepattemsinthecitationdatausedinthisstudy
Closelymirrornationaltrends・InacompanionpaperlBranStetter20031，Iexaminetheco椚pIete
SetOfnonpatentcitationsmadebyarandomsampleof30，000U．S．patentsgrantedoverthe
1987－1997period．Ifindthatthedistributionofpatentcitationstoscienceacross丘eldsof
SCienceandtechnologylnthatrandomsampleisverysimilartothatindicatedinthecurrentpaper．
Thissuggeststhatoneofthekeyfindingsofthecurrentpaper－theconcentrationofpatent
Citationstoscienceinbioscence－relatedinventions－isnotanartifhctofmyfocusonCalifornia
researchuniversities．Ialsofindagrowthrateofpatentcitationstoscienceintherandomsample
thatissimi1artOthatfoundintherawdatausedinthecurrentpaper．Nevertheless，OnemuStbe
SenSitivetothepotentialdifncultiesinvoIvedingeneralizing丘．ommyresultstotheentire
Americanresearchuniversitysystem・Whereversuchdifficultiesarise，theyarenotedinthe
discussionofempiricalresultsinsectionsIVandV．
FromtheUniversltyScienceIndicatorsdatabasegeneratedbytheInstituteforScientinc
Infbrmation，Ihaveobtainedcomprehensivedataonthepublicationofscienti伝carticlesbymy
SamPleofCalifomiaresearChuniversities，byinstitution，year，andscientific丘eld，from1981－
1997．Thesedataarematchedtodataonpatentcitationsmadetothesepublicationsoverthe
1983－1999（grantyear）period，WhichareprovidedbyCHIResearch．CHIReSearChhas
developedacomprehensivedatabaseof“non－Patentrefbrences”madeinU．S．patentdocuments．
ThesereferencesincludecitationstoscientificjournalS，industrialstandards，teClmicaldisclosures，
englneenngmanualS，etc．Thefbcusonthispaperisonthesubsetofrefbrencesmadetoarticles
appeannglnPeer－reViewedscientificjoumalS，htheCHIResearchdatabase，reftrencesto
SCientificjoumalsareputintoastandardizedfbrmat，andthesedatacanthenbematchedtodata
OnPaPerSPublishedinthemorethan4，（氾OjournalscoveredbytheScienceCitationIndex
（SCI）．18Throughthismatchingprocess，Iobtaindataonpatentcitationstopeer－reViewed
18ForamoredetaileddescriptionofthedatabasedevelopedbyCHIResearch，SeeNarinet．al．［1997］．
Furtherdetailsarealsoavailablefromtheauthoruponrequest．
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SCientificarticlesgeneratedbyCalifbrniaresearChuniversities．TothesedataImatchdataonthe
universeofpotential1ycitingU．S．utilitypatelltSgrantedoverthatsameperiod，Whichisavailable
fromtheNBERPatentCitationDatabasedocumentedinHallet．al．［2001］．
Trendsinscienti丘CPublicationsgeneratedbyCalifomiaresearchuniversitiesfbrasubset
OfscientificdisciplinesareplottedinFigureIII．Particularlystronggrowthcanbeobservedin
biomedicalresearch，“Physics”（anaggregatewhichincludesmaterialssciencesfieldsconnected
tosemiconductors），aJld‘‘engineeringandtechnology．”19TrendsinU．S．patentingacross
diffbrentcategoriesoftechnologleSareSimilarlyplottedinFigureⅣ．Whilepatentinginal1
6eldshasincreasedoverthesampleperiod，ParticularlysharplnCreaSeSCanbeseenin“drugSand
medicine…andHcomputersandcommunications・門20
TheempiriCalframeworkIuseforanalyzingthesedataborrows丘．omtheworkofJafEb
andTrajtenbergl1996，2002］．hthisframework，Imodeltheprobabilitythataparticularpatent，
P，aPpliedfbrinyeart，Winciteaparticulararticle，a，PublishedinyearT Thisprobabilityis
deteminedbythecombinationofanexponentialprocessbywhichknowledgediffusesaLnda
SeCOndexponentialprocessbywhichknowledgebecomessupercededbysubsequentresearch．
ThisprobabilityisrefbrredtointheworkofJaffbandTr毎tenbergll996，2002］asthe
citationPequeng，・Itisafunctionoftheattributesofthecitingpatent（P），theadbutesofthe
Citedarticle（a），andthetimelagbetweenthem（t－T）．Itcanberenderedinnotationas
（1）　p（a，P）＝α（a，P）expl－β1（t－T）］［1－eXP（－A（1－T））］
AttributesofthecitingpatentthatIincorporateintomyanalysisincludetheapplication
year，thetechnicalfield（basedontheprimaryteChnologyclassassignedbythepatentexaminer），
thetypeofentityowningthepatent（basedontheidentityOftheassignee），andthegeographic
locationofthepatent，basedontheaddressoftheinventor．AttributesofthecitedarticlethatI
19comparisonofthesedatawithsimilardataforallmqjorAmeriCanreSearChuniversitiesshowsthat
Califomiaacademicpublicationcloselymirrorsnationaltrends．
20Thisgraphdoesnotbreakdownpatenttrendsbynationalityoftheinventor，butthe丘actionofpatent
grantsawardedtodomestiCinventorshasrisensharplyinthesetworapidlygrowlngfields．
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COnSiderincludethepublicationyear，thescientificfieldofthearticle，andtheinstitutionwith
Whichtheauthorswerea抗1iatedatthetimeofpublication．
Giventhesedata，OneCOuldsortallpotentiallycitlngPatentSandallpotentiallycited
articlesintocellscorrespondingtotheattributesofarticlesandpatents．Theexpectedvalueof
thenumberofcitationsfromaparticulargroupofpatentstoaparticulargroupofarticlescouldbe
representedas
（2）　Elc，celTSL］＝（nTSL）（n，。el）α，ceLTSLeXPl－（A）（t－T）］［1－eXP（－A（tLT））］
Wherethedependentvariablemeasuresthenumberofcitationsmadebypatentsintheappropnate
CategOriesofgrantyear（t），teChnologyclass（C），institutionaltype（e），andlocationoftheciting
Patent’sinventor（1）toarticlesintheappropriatecategoriesofpublicationyear（T），SCientific
丘eld（S），aJldparticularcampus（L）．Thea’saremultiplicativeeffbctsestimatedrelativetoa
benchmarkor”base”groupofpatentsandarticles．Inthismodel，unlikethelinearcase，thenu11
hypothesisofnoeffbctcorrespondstoparameterValuesofunityratherthanZerO．Equation（2）
CaneaSilyberewrittenas
（3） £［C′。e′檻］
（〝乱）＊（〝．。。′）
＝α′。。′檻eXpトA（巨ブ）］［1－eXP（－A（トr））］
ThisiswhatJaffbandTrqjtenberg［1996］refbrtoasacitationsjhnction・Ifoneaddsanerror
term，thenthisequationcanbeestimatedusingnonlinearleastsquares．Theestimatingequation
is血us
（4）　p，。elTSL＝α，αCαeα′αTaSαLeXPl－A（t－T）］［1－eXP（－A（t－T））］＋S，ceZTSL
Wherethedependentvariablenowmeasuresthelikelihoodthataparticularpatentinthe
appropriatecategories（grantyear，teChnologyclass，institutiontype，andlocation）willcitean
articleintheappropriatecategories（sciencefield，SOurCeCampuS，andpublicationyear）．
PatentsarePlacedintooneofthefo1lowingcategories：COmPuterSandcommunications，
ChemiCalS，drugSandmedicine，elecb’Onics，meChanicalinventions，andacatch－an”0ther”
14
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CategOry．ThesearethesameCategOriesforwhichpatentgrowthisdepictedinFigureIII．
Scientificarticlesareclassifiedintothefbllowingfields：biology，biomedicalresearch，Chemistry，
Clinicalmedicine，englneenngandtechnology，Physics，and“otherscience．”PatentasslgneeSare
Classifiedintothefbllowinginstitutionaltypes：Publicscienceinstitutions（predominantly
universities，reSearChhospitalS，andgovemmentlaboratories），firmS，andotherinstitutions．The
divisionofpatentsonthebasisoflocationoftheinventorandtheasslgnmentOfpatentsand
PaPerSintogroupsbasedongrantandpublicationyear，reSpeCtively，arediscussedbelow．
Iestimatevariousversionsof（4）usingthenonlinearleastsquaresestimationroutineof
theSTATAsoftwarepackage．Whendoingso，Iweighttheobservationsbythesquarerootof
theproductofpotential1ycitedarticlesandpotentiallycitlngPatentSCOrreSPOndingtothecell，
thatis
（5）　　W＝ （〝′。。′）＊（〃檻）
Thisweightingschemeshouldtakecareofpossibleheteroskedasticlty，Sincetheobservations
COrreSpOndto“groupeddata，”thatis，eaChobservationisanaverage（inthecorrespondingcell），
COmPutedbydividingthenumberofcitationsby（ntcel）＊（nTSL）．
IV．　EvidencefromtheFullSample
LocalizationinTimeandGeo
Regressionresultsfromaversionof（4）runOnthefu11samplearegiveninTableI．
UsingtheparameterValuesfromthisregression，itisalsopossibletographoutthedouble
exponentialfunctionimpliedbyourparametereStimates，glVlnguSaSenSeOfhowthe“citedness”
Ofaparticulargroupofarticlesbyaparticulargroupofpatentschangesovertime．Thisis
graphedoutfbrour“basecase”inFigureV．Thebasecaseinthisregressioncorrespondsto
PatentSaSSlgnedto丘rmS，WherethefirstinventorresidesintheU．S．outsidethestateof
Califomia．ThebasepatentgraLntperiodis1983－1987，andthebasepublicationperiodisl981－
15
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1985．Thebasesciencecategoryisbiology，thebasepatentcategoryischemistry，andthebase
institutionisStanfordUniversity．21
TheshapeOfthecurvegraphicallydemonstratesthe丘rstkeyresultofthissection－
namelythatcitationstoacademicscienceare，tOSOmeeXtent，localizedintime．Citationsto
SCienceappearalmostimmediatelyafterarticlepublication，andthecitationfunctionpeAksata
lagofabouteightyearsafterarticlepublication．Theselagsaremeasuredherewithrespecttothe
grantdateofthepatent・AnalternativespecincationmeasuringpatentsbyqEPlicationdatefinds
amodallagbetweenpublicationandapplicationoffivetosixyears，implyingfairlyrapid
SPilloversofknowledgefromscienceintoindustrialinvention．WhiletheestimatedlagstruCture
demonstratesthatpaperscontinuetoreceivesomecitationsevenatrelativelylonglags，the
Citationfrequencydeclinessteadilyafterthepeaklag．
Theseresultsalsoprovideevidenceofconcentrationingeographicspace．Citingpatents
areasslgnedtothreecategoriesbasedontherecordedaddressesoftheinventor：Califomia
inventors，U．S．inventorsoutsideCalifomia，andnon－U．S．inventors．22U．S．inventorsoutside
Califbmiaarethebasecategory，SOthecoefncientsimplythatCalifomia－basedinventorsina
glVenteChnologyclassarenearlythreetimesmorelikelytociteCalifbrniaacademicscience．
Non－U．S．inventorsareonlyabouthalfaslikelytociteCalifomiascienceasisthebasecategory．
TheintranationallocalizationofknowledgespilloversimpliedbytheCalifbmiaeffbct
SeemSlarge．However，thecurrentspecificationarguablydoesnotcontroIwellforregional
ClustenngofindustrialR＆DwithintheparticularnichesofthebroadtechnologycategoriesI
haveemployed．Afinerdisaggregationofpatentclasseswouldlikelyattenuatethemeasured
21Ascommonlyunderstood，biologylSanaggregatethatcontainscomponentscloselyassociatedwiththe
bionexus（molecularbiology）andcomponentsthatarearguablynotcloselyconnectedto“biotech”（SuCh
aspopulationecology）・Inthispaper，however，Ihaveclassifiedthesubdisciplinesofbiologyclosely
COnneCtedtothebionexusas“biomedicalresearch．”Subdisciplinesthatremainwithinthebiology
aggregateusedinthispaperincludesuch石eldsasecologyand“aquaticsciences．”Theyarenotclosely
COnneCtedtothebionexusaLnd，de伝nedthisway，“biology”wouldseemtobeareasonablebasecategory・
NotealsothattheinstitutionalboundaryofcampuseslikeStanfordisdrawntoincludeafnliatedmedical
schooIs．
22TheNBERPatentCitationDatabaseonlyincludesinformationontheaddressofthefirstinventorlisted
Onthepatentdocument，SOthatisthebasisforgeographicalasslgnmentOfthepatentundertakenhere．
16
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degreeoflocalization．FurthermOre，aSCanbeseeninFigureVII，itisstillthecasethatlarge
numbersofcitationsaremadebyinventorsfar丘omCalifornia．Infhct，OneSeeSa“bicoastal”
COnCentrationofcitations，reflectingtheclustenngofU．S．innovativeactivityintheNortheast
andtheWestCoast．
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Ifindstrikingdiffbrencesintheincidenceofcitationacrossfieldsoftechnology．
Relativetothebasecategory（ChemiCalS），drug／medicinepatentsare2．6timesmorelikelytocite
SCience，WhereasallothercategoriesareSubstantiauylesslikelytocitescience．Thetypical
Patentintheleastlikely－tO－Citecategory，meChamiCalpatents，isonlyaboutl％aslikelytocite
SCienceasthetypicalchemicalpatent．Theestimatedgapbetweentechnologycategoriesin
CitationpropensltylSqulteSubstantial．Notethattheseestimatedpropensitiescontrolforthe
numberofpatentsinthesecategoriesovertime，SOthatthesecoefficientsareproperlyinterpreted
asanestimateofthediffbrential”per－Patent”propenSitytocitescience．
Continulnginthistheme，Icanalsoallowdiffbrentcategoriesofsciencetodisplay
diffbrentpropensitiestobecitedbypatentedtechnologleS．Notethatthecitationfunction
SPeCificationcontroIsforthenumberof”Citablepapers’’withinthesesciencecategoriesovertime，
aswellasthenumberofpotentiallycitingpatentsacrossfieldsofteclm0logy，SOthecoefficients
OnSCiencecategoriesareakintoa“per－PaPer”measureoftechnologicalfbrtility．The
COefficientsinTableIsuggestthatapaperinthe“biomedicalresearCh”fieldisabout41times
morelikelytobecitedinapatentthanapaperinthebasecategoryofbiology．Papersin
“chemistry”and”clinicalmedicine”arenearlyfivetimesaslikelytobecitedasabiologypaper，
WhilepapersintheothersciencecategoriesaresubstantiallylesslikelytobecitedthaJlbiology
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papers・23ThegapbetweenthemostandtheleastintenselycltlngteChnologycategoriesisa
factorofnearlytwohundred．
AsonecanseeinFigureIV，“biomedical”patentinghasrisensharplyovermysamPle
period，bothinabsolutetermsandrelativetopatentlnglnOthertechnologycategories．hfact，
Patentlnginthisareahasrisenmorethanfbur－fold．Likewise，aSFigureIIIindicates，therehas
beensubstantialgrowthinpublishinginbioscienceareasbyCalifomiaresearchinstitutions．
Evencontrollingforthisgrowth，biotechpatentsaremuchmorelikelytocitesciencethroughthe
SamPleperiod，andbiosciencepaperSaremuChmorelikelythanothercategoriestobecited．This
SuggeStSthattheaggregatetrendsinpatentcitationstosciencearedrivenlargelyby“biotech”
PatentSCltlng“bioscience”papers．WhilethereisgrowlngCitationactivityoutsidethis“bio
nexus，”patentcitationstosciencehave，tOdate，beenhighlyconcentratedwithinit．
Inanothertakeonthe“compositionhypothesis，”Ihavealsolookedatpatentingby
diffbrentcategoriesofassignees：丘rmS，Publicscienceinstitutions（universities，reSearCh
institutes，andresearchhospitals），andagrab－bagcategoryof“otherinstitutions”inthenon－PrO丘t
SeCtOr．AssignmentofapatenttooneofthesecategoriesisbasedonthetypographyofasslgneeS
developedintheNBERpatentcitationdatabase．Relativetothebasecategoryoffirms，Public
SCienceinstitutionsarenearlyfourtimesaslikelytociteacademicscience，and“0ther
institutions”arealmosttwiceaslikelytociteacademicscience，aCCOrdingtoTableI．Thisis
unsurpnslng，glVentheconnectionthatislikelytoexistbetweenacademicscienceandaCademic
Patentlng．Becausetheseinstitutionalcategoriesaccountedfbrasmal1fractionoftotalU．S．
Patentlng，eVenbytheendofmysampleperiod，itissti11thecasethatthevastm句0rityofpatent
23Inresultsavailableuponrequest，Iestimatedan＝academieproductionfunction門fortheuniverslty
SyStemSStudiedinthissectionofthepaper，inwhichtheoutputmeasurewasthecountofpublications
generatedinascientific伝eldbyaparticularcampusinaparticularyear・Thiswasregressedonmeasures
Of“inputs”totheresearchprocess・Theresultssuggestthatthehigher“productivlty”ofthebiomedical
SCiencesisnotdrivenpurelybytheincreaseinR＆Dfundinginthat丘eld．
18
－182－
CitationstoCaliforniaaCademicsciencearemadebythepatentsofindustrialfirms，nOt
universities．24
Evidenceon“ChanesinMethodsofInvention”
HavinglnCOrPOratedfixedeffbctsassociatedwiththecitlng伍eldoftechnology，thecited
fieldofscience，thecitedinstitution，andcharacteristicsofthecitlnglnVentOr／asslgnee，Icanalso
makesomeinfbrenceaboutaveragechangeSincitationpattemsovertimeacrossfields．Perhaps
themostinterestingfindinghereisthatthepropensltytOCiteacademicscienceisevidently
growlngOVertime．ThiscanbeseenbyexaminlngthepatternOfcoefficientsonthecitlngpatent
grantyearcohorttermS・TheyincreasesteadilyfromtheバbasecategoryHof1983－87・25Notethat
Ihaveexplicitlycontrolledfbrthefactthatacademicpublicationsintheheavilycitedbranchesof
SCiencehavebecomemorenumerousandthattherehasbeenanincreaseinpatentlnginfields
thatheavilyciteacademicscience．Theseresultsareconsistentwiththeviewthattherehasbeen
achangeinthenatureqfinventionsuchthatinventorsnowdrawmoreheavilyonacademic
SClenCe．
EvidenceonAttome－DrivenChanesinPatentCitationstoScientificPa
Theseresultscouldalsobedriven，atleastinpart，byan“attorney－driven”changein
Citationpractice，and，infact，interpretationofthemeasuredincreaseintheper－PatentPrOPenSlty
tociteacademicpaperSiscloudedbytheissueofthes0－CalledHspikepatents・叩26In1995，the
effbctiveperiodofmonopolygrantedtoU．S．patentholderschangedfrom17yearsafterthegrant
dateto20yearsfromthefilingdate，inordertobringU．S．patentlawmorefullyintocompliance
WiththeprovisionsoftheTRIPsAgreement．ThischangetOOkeffbctfbrpatentsfiledafterJune
24ThisstatementrequlreSSOmequali丘cation・UniversltyPatentingishighlyconcentratedinasmal1
numberoffields．Bytheendofmysampleperiod，universitypatentingaccountedforroughly15％of
healthcare－relatedpatentlng．Thatbeingsaid，theoverallresultsinTableIarerobusttotheremovalof
PatentSgrantedto“publicscienceinstitutions”（PrimarilyuniversitiesandresearchhospitalS）fromthe
SamPle．Infact，insomeways，theybecomeevenstronger・SeeTableIIIandthediscussiononpage21．
25Thispatternisquiterobusttoaltemativeaggregationsofgrantyearsintocategories・Regressionresults
demonstratingthisareavailablefromtheauthoruponrequest．
26Thisissueisalsodiscussedinthe2002issueofScienceandEngineeringhdicatoTTandinHickset・al・
［2001］．
19
－183－
8，1995．Patentsfiledpriortothisdeadlinebenefitedfroma“grandfather’’provision－theywere
grantedamonopolyofeither17years丘omdateofgrantor20yearsfromdateofapplication，
Whicheverwaslonger・Rqjectedpatentsrerfiledafterthisdeadlinewouldalsobesubjecttonew
evaluationcriteria．
ApplicationssubmittedtotheU．S．FrOmorethandoubledinMayandJuneof1995，and
theseapplications，refbrredtoasthe“spikepatents，”carriedanunusuallylargenumberof
Citationstoscience．ThissurgeinpatentlngSeemStOhavebeendriveninpar［byaruShtofilein
Ordertobenefitfromthe“grandfather”timlngPrOVision．Theincreaseincitationstoscience
SeemStOhavebeendriveninpartbyadesiretoavoidhavingtorefilerqectedpatentsunderthe
newrules．Applicantsthuserredonthesideofcautionbymakingfhrmorethantheusual
numberofcitationstoscientificmaterial・Patentsappliedforinthisperiodwereissuedgradually
OVerthenextfbwyears－dramaticallyincreaslngtheaveragecitationstoscienceperpatentinthe
OVeralldata．Oncethelastoftheseapplicationswasprocessed，aVerageSCiencecitationsper
patentactuallyjとJl，aSisillustratedinFigureVI・Thiskindofsimpledatatabulationmight
SuggeStthattheconnectionbetweenscienceandtechnologylSWeakening，afternearlyadecade
Ofrapidgrowth．Thatconclusionwouldbeunwarranted，butitislikelythatsomeofthe
movementintheaggregatedatainthemid－tO－1ate1990swas“attorney－driven．”
WithinthecontextofmyempiriCalapproach，OnePOtentialremedyfbrthisproblemisto
removethespikepatentsfrommydatasetandre－runthecitationsfunction．Theresultsare
ShowninTableII，anditcanbeseenhere（andinal1subsequenttables，Wherethespikepatents
havebeenremoved），thatthebasicqualitativefeaturesofthepreviousempiriCalresultsremain．
Inparticular，thefindingofanincreaseinper－patentPrOPenSltytOCitescientificpapersisrobust
totheremovalofthesepatents・27
27　0fcourse，remOVlngthespikepatentsdoesnotcompletelyeliminatethepossibilitythatmeasured
Changesinper－PatentCitationpropensitiesreflectattomey－drivenchangeSincitationspraCtices・However，
thedesiretheavoidlitigationorimpressexaminerswouldpresumablyapplyacrossdifferent伝eldsof
teclm0logy・Likewise，theincreaslngaVailabilityofcomputerizeddatabases，Whichreducethecostsof
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EvidenceonChanesinScientincFertilit
Inthefullsample，meaSureSOfper－PaPer“Citedness”increase，relativetothebaseperiod，
inthelate1980sandearly1990S，Peakinginthe1989－92period．Theythenseemtodecline
SOmeWhatinthemostrecentperiod，butestimatedper－PaPerCitednessremainshigherthaninthe
baseperiod．Thisfactwouldseemtoprovidereasonablystrongevidencefbrthe“changesin
SCienti伝cfbrtility”hypothesis．However，this丘ndinglSnotrObusttotheexclusionofuniverslty
PatentSfromthesample．ThelatterpolntisillustratedinTableIII，Whichpresentsresultsbased
OnaSamPlethatexcludesbothspikepatentsandpatentsasslgnedtouniversitiesandtoother
“publicscienceinstitutions，”acategorylnCludingresearchhospitalSthatoftenhavelinksto
universities．Ascanbeseen，theapparentincreaseinper－PaperCitednessevaporateswiththis
SamPlerestriCtion．0therpattemsintheresults，however，arerObusttothissampleresbiction．
Themeasuredlocalizationofspilloverswithinthebionexusremainsafterdropplnguniverslty
PatentS，andthemeasuredincreaseovertimeinper－PatentprOpenSltytOCitesciencebecomes
morepronounced．
SummarizintheLessonsfromtheFullSam
Onceweexclude“spikepatents，”itseemsthattrendsinthedataarebestexplainedbya
COmbinationofthe“changingcomposition”storyandthe“changlngmethodsofinvention”story．
However，OneneedstoputtherelativeimportanCeOftheseissuesintoperSPeCtive．Tothatend，it
isusefultoexamineTableIV，Whichpresentsresults丘omaseriesofhypothesistests．Itis
Certainlytruethatthedatarqecttheimpositionoftheconstraintthatmethodsofinventionhave
notchanged－Or，mOrePreCisely，thatper－PatentprOpenSitiestocitesciencehavenotchanged
SearChingforscientincpnorart，aPPliesbroadlyacrossnearlyallscienti丘Cfields．Itisthereforestriking
thatpatentcitationstosciencearesotighdyconcentratedinthatnarrow“nexus”ofsciencesand
teclmologleSWheretherecentliteraturesuggeststhattheintellectualinteractionisthestrongest．
Furthemore，COnVerSationswithpatentattomeysindicatethat，Whilepatentattomeysandpatentexaminers
Ofteninsertcitationstopreviouspatentsunknowntotheinventorintopatent坤Plicationsforlegal，StrateglC，
OrPrOCeduralreasons，theyaremuchlesslikelytoinsertcitationstotheacademicliterature，largely
becausetheyaremuChlessfamiliarwithitthanistheinventor．Inotherwords，Citationstoscienceare
likelytobeapurermeasureof“knowledgespillovers”thanarePatentCitationstopatents．SeeJaffe，
Fogarty，andBanks［1998］．
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broadlyacrossfieldsoftechnology・ThevalueoftheWaldtestassociatedwiththisparameter
restriction（seethesecondcolumn，thirdrow）isl，256．6，andthiseasilyexceedsthecriticalvalue
OftheChi－Squaredistributionattheappropriatedegreesoffreedom．Butthedegradationin
modelfitgeneratedbythisconstraintissmall．Relativetotheunrestrictedmodel，thea萌ustedR－
Squaredoftherestrictedmodeldeclinesbyonlyabout1％．Thiscanbeinfbrredbycompanng
Valuesinthethirdcolumn－theadjustedR－Squaredvaluesassociatedwiththerestrictedmodels－
WiththeaqiustedR－Squaredoftheunrestrictedmodelgivenonthenexttolastrow．p
Instrikingcontrast，imposingtheconstraintthattherelativepropensityofdi飴rentpatent
ClassestocitescienceisthesamecausestheaqjustedR－Squaredtofhllbyabout67％，and
imposingthisconstraintandtheconstraintthattherelativecitednessofdiffbrentcategoriesof
SCienceisthesameCauSeStheaqjustedR－Squaredtofhllbyabout85％，relativetothe
unrestrictedmodel．Inotherwords，Changesinthedistributionofpatentingacrossteclm010gies
andchangesinthedistributionofpublicationsacrossfieldsexplainmuchmoreofthetotal
VarianceinpatentcitationstosciencethandoesaveragechaLngeSaCrOSSfieldsinper－Patent
Citationbehaviorovertime．Now，itispossible－eVenlikely－thatpartofthesubstantial
expanSioninbiotechpatentinghasbeendrivenbyincreaslngknowledgespilloversfrom
universityscience．Thisisanideathatwillbeprobedmorethorough1yinthenextsection．
Nevertheless，thescopeoftheseincreasedknowledgespilloversfromuniversltySCienceseemsto
berathernarrowlyconfinedtoasmallsetoftechnologies．
TheevidenceinTablesI－IIIcomesfromaversionofthecitationfunctioninwhichI
COnStraintheobsolescenceparametertobethesameacrosscategoriesoftechlOlogy．Followlng
JaffbandTrqitenberg［2002］，IcanallowthisparametertOdiffbracrosspatenttechnology
CategOries．Resultsfromsucharegressionareomittedfbrreasonsofspace．Allowlngthis
ParametertOVarydoesnotchangethequalitativepatternSintheotherresults．Notsu一PnSlngly，
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estimatedobsolescenceisslgnificantlyfasterfbrcomputers／communicationsandelectronics，in
thesensethatthedif伝rencesarebothqualitativelylargeandstatisticallysignificant・28
V．EvidencefromDataSubsamples－the］3ioNexusvs．theITNexus
PartitionintheData
Foreveryyearofmysampleperiod，rOughly70－90％ofthetotalcitationsmadeby
PatentStOSCientificarticlesaremadewithinthebionexus．Giventheextenttowhichaggregate
numbersofcitationsaredrivenbybiotech，Ibreakthedataintoabiotech－Onlysubsampleanda
subsamplefromwhichpapersinbioscienceandpatentsinbiotechnologyareexcluded・29This
Partitionofthedataallowsme，atleastinpnnciple，tOeXaminechangesinthebioscience－
biotechnologynexusinsomedetai1．Then，Icanseparatelyestimatethekeyparametersofthe
Citationsfunctionforthe“non－bio”subsample，SuChthattheparametersofdifhsion，geOgraphic
COnCentration，etc・－COnStrainedtobethesameacrossfieldsofscienceandtechnology”arenOt
drivenbyobservationsinthebionexus．ThepatternOfknowledgediffusionfromscienceto
inventionmaybequitediffbrentoutsidethebionexus；Partitioningthedatainthiswayallowsme
toquantifythosediffbrences．30
EvidencefromtheBioNexus
EvidencefromthebionexusispresentedinTableV．TableVmaintainsthesame
aggregationschemeacrosspatentclassesasTablesI－III，butusesonlydatafromthebionexusin
estimatingthecitationsfunction．The“biomedicalresearch”clusterofscientific伍eldsisbroken
uplntOthe“corefields”ofbiochemistry，biophysics，andmolecularbiologyontheonehandand
28Theseresultsareavailablefromtheauthoruponrequest・
29ThedisciplineofchemistrylSSOmeWhatunlqueinthatitincludessubdisciplinesthatareclosely
COnneCtedtothebionexusandothersubdisciplinesthatarecompletelyunrelated．GiventhisdualIlature，I
inCludechemiCalpatentsandchemistrypapersinbothsubsamples．
30Apotentialdownsidetothispartitionisthatwelose＝cross－neXuS”citations，SuChascitationsmadeby
biotechpatentstopapersinmathematicsandcomputerscience．Itistruethatweobserveanincreasein
SuChcross－neXuSCitationsovertime，PrObablyreflectingtheincreaslnglmPOrtanCeOfsuch伝eldsas
“bioinformatics，”buttheaggregatenumbersofthesecross－neXuSCitationsremainsmal1，eVeninthemost
recentperiods．
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theremainingfieldsofbiomedicalresearchontheother・Thissampleexcludesspikepatents，but
includespatentsasslgnedtouniversities，reSearChinstitutes，andresearchhospitalS・
ThequalitativeresultsaresimilartothoseestimatedinthefullsamPle．Inparticular，One
finds，eVenWithinthebionexus，StatisticallysignificanteVidenceofanincreaseintheper－Patent
propensltytOCitescienceovertime．Inotherwords，eVenWithinthisnexus，Wherecitation
activityhasalwaysbeenstrongestandwherethenumberofpatentshasbeengrowlngraPidly，the
COnneCtionbetweenindustrialresearchandacademicscienceseemstohavegrownsubstantial1y
OVertime・Theestimatesonthegrantyearcoefficientssuggestthatper－patentCitation
PrOPenSitieshadincreasedbynearly80％（relativetothebaseperiod）by1997－99．Inthis
Pardcularsampleofthedata，themeasuredincreaseinper－PaPerCitedness－OurmeaSureOf
Changesinscientificfbrtility－remainsroughlywhatitwasintheoverallsampleincludingpublic
SCiencepatents・Thatis，itsuggestsanincrease，albeitnon一mOnOtOnic，inscientificfbrtilityover
time・Whilethisresultdoesnotsurvivetheexclusionofpublicsciencepatents，theresultofan
increaseinper－PatentCitationpropenSitydoes．Lookingcarefu11ywithinthebionexusitself，One
findsstrongevidenceofachangeinthemethodofinventionovermysampleperiod．
The丘ndingofanincreaseovertimeintheperrPatentintensltytOCitescienceis
SuPPOrtedbyanumberofstudiesofthepharmaCeutiCalandbiotechindustries．Fromits
inception，thebiotechnologyindustryhasbeencloselylinkedtouniversity－basedscience・31
FurthermOre，OVerthecourseofthe1980sand1990S，eStal）lishedpharmaCeuticalcompanieshave
increaslnglydrawnonrecentscientificdevelopmentsintheireffbrtstoimprovetheefnciencyof
theirdrugdiscoveryprograms・32whilethereceivedliteraturehasnotyettriedtoquantib／the
ChangeSinthisintensltyOfindustrialborrowlngfromacademicscienceovertime，thebasic
trendsinmydataarereasonablyconsistentwiththequalitativedescnptlOnSOfchangeSOVertime
31seeKaplanandMurrayl2003］，Kenneyl1986］，andGambardellal1995］．
32see，amOngOthers，Cockbum，Henderson，andStern［1999］，Whoprovideausefulqualitative
descnptionofthesechanges，thengoontodocumenttheirimplicationsforrelativefirmperformanCeOVer
timewithinthephannaceuticalindustry．
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intheexistingliterature．Becauseoflimitationsinthetimedimensionofmysample，Iam
Pickinguprelativelylittleoftheimpactofgenomics，PrOteinomics，andbioinformaticsonthe
mostrecentcohortsofbiotechinvention．Whiletheultimateimpactoftheserelativelynew
disciplinesonindustrialinventionremainstobeseen，itiscertainlypossiblethatafutureupdate
OfmyregressionsmayfindjiLrtheraccelerationoftheshiftinindustrialinventiontowardgreater
relianceonacademicscience．
Havethesespilloversfromacademicscienceactuallyraisedinventiveproductivltyinthe
bionexus？Acasualexaminationoftheaggregateevidencewouldsuggestanafnrmativeanswer．
AccordingtoNSFdata，tOtalrealR＆Doutlaysfi’Ombothpublicandprivatesourcesassociated
withthelifbsciencesnearlydoubledbetween1985and1995．However，U．S．patentlnginthebio
nexusmorethantripledoverthisperiod，Whichwouldseemtoimplyaconsiderableincreasein
R＆Dproductivityforthenexusasawhole．Ontheotherhand，Studiesbyothershavesuggested
thatthepatenttorealR＆DratiohasfhllensubstantiallyforlargeU．S．－basedphamaceutiCal
companies－animportantcomponentofthenexus－OVermuChofmysampleperiod・33
Thisdiscrepancycal1SforcarefulempiriCalanalysisoftherelationshipatthefirmlevel
betweentheincorporationofacademicscienceintoindustrialR＆Danditseffbctonresearch
PrOductivity．Withinthebionexus，SCientificdevelopmentshaveapparentlyprovidednew
technologlCalopportumitiesforpnvate－SeCtOrreSearCherstoexplore．Theobservedincreasein
R＆Dexpenditures，theincreaseinpatentlng，andthestrikingincreaseinpatentcitationsallseem
tobearwitnesstothis．Itisnotyetclear，however，thatthenewdomainsopenedupbyacademic
SCiencewillprovetobemorefbrtilethanthedomainsthatprecededthem．ThisisapolnttO
WhichIwillreturnintheconcludingsectionandremainsafocusofcurrentresearch．
EvidencefromtheITNexus
Thenon－biotechsubsamplegeneratesasignificantlydiffbrentpatternofresults．The
aggregatepatentclassesusedapecomputersandcommunications（IT），ChemiSはy，general
33　see，amOngOthers，HendersonandCockbuml1996］．
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electronics，meChanicalinventions，andacatch－al1“0ther”category．Scienceaggregatesare
englneenngandtechnology，Chemistry，Physics，andacatch－all“otherscience”category．The
Othercategoriesremainasbefbre．NotethatweareeStimatingroughlythesamenumberof
ParameterSfbrournon－biotechsubsamPleasinthefullsample，eVenthoughwehaveonlya
Smallfractionofthenurhberofobservationsofpatent－articlecitations．Therelativethinnessof
thedataheremeansthatourparameterestimatesneedtoberegardedwithanextrameasureof
Caution，eVenWhentheyarestatisticallysignificantaCCOrdingtotheconventionalthresholds．
ResultsareglVeninTableVI．
Patent－articlecitationactivityoutsidethebionexusisclearlyconcentratedinasecondary
“IT”nexus．TheITpatentclassescitesciencemostfrequently，displayingapropensltytOCite
thatisnearlyl8timesashighasthebasecategoryofchemistry．Generalelectronicspatentsare
morethan7timesaslikelytocitescience，Whilemechanicalpatentsarethreetimesaslikely．
Articlesinthephysics丘eldsaremorethan44timesmorelikelytobecitedthanbasecategory
（Chemistry）articles．Thephysicsaggregateincludes丘eldsthatrelatetosemiconductorsand
advanCedmaterialS．Theengineering／technologyaggregate（Whichincludescomputerscience）is
thenextmosthighlycited，WithacitednessperPaPerthatisabout8timesgreaterthanthebase
CategOry．Therestofthesciencesaresignificantlylesslikelytobecited．hcidentally，these
resultssuggestthatmuchofthecitationactivityinvoIvingchemicalpatentsandchemistrypapers
COmeSfromthebionexus．OncechemistrylSSeparatedfromthosetechnologiesanddisciplines，
itceasestostandoutintermSOfpatent－articlecitationactivity．
hastrikingcontrastwithearlierresults，geOgraPhiclocalizationseemstobemuchhigher
inthissubsample・Califbmia－basedinventorsdisplayamuchhigherlikelihoodofciting
Californiasciencethanthebase（non－CalifomiaU．S．）categoryofinventors．Whileintra－national
localizationismuchhigher，internationallocalizationislower－thetendencyofnon－American
inventorstociteCalifbmiascienceisnearly75％ashighasthatofnon－CaliforniaAmeriCan
inventors，andthediffbrencebetweenthemandthebasecategorylSnOtStatiStiCallysignificant．
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Thispattemofresultscouldverywe11reflecttheincreaslnggeOgraPhicconcentrationoftheU．S．
informationtechnologyindustryinCalifomia，aSWellasstronggrowthbyinventorsbased
OutSidetheUnitedStates（particularlyEastAsia）inpatentinginIT－relatedclasses．
An0thercontrastwithearlierresultsisamuchhigherpropensity（relativetoindustrial
firmS）forpatentsgeneratedbypublicscienceinstitutionstocitescience．Publicscience
institutionsaremOrethan38timesaslikelytocitescienceasare丘rmPatentS，COntrOllingfbr
PatentCategOry．Patentsheldby“0therinstitutions，”arelesslikelythanfirmStOCitesciencein
thesefields，COrreSPOndingtothelesssignificantroleplayedbythiscategoryofasslgneeinnon－
biotechpatentlng・34ThepatternOfcampuscoefncientsalsohighlightstheumqueroleplayedby
StanfordUniversitywithinthesample．While，Withinthefullsampleandthebionexus，anumber
Ofotherinstitution’S“CampuSeffbcts”werenearlyashigh，OreVenhigher，thanStanford’S，inthe
nonrbiosubsamplenootherinstitutioncomesremotelyclosetoStanfbrd’simpliedrelativelevel
Ofacademicfbrtility．Aswiththeestimatesofgeographiclocalization，itseemsthesedatareflect
the“SiliconValley”phenomenon．
ThepatternSSuggeStedbythecoefficientsonpatentgrantyearCOhortsandpaper
publicationyearcohortsalsodiffbrfromthoseinpreviousregressions．Controuingforchanges
inthevolumeanddistributionofpublicationsandpatents，al1periodsdisplayasubstantially
greaterper－PatentPrOPenSitytOCitesciencethanthebaseperiod．Ratherthanthemonotonic
increaseonesawinthefu11sample，thepatternherelooksmorelikeastepfunction，Withasharp
increaseinthelate1980S．Althoughtheincreaserelativetothebaseperiodishigherthaninthe
bionexus，Onehastokeeplnmindthattheabsolutenumbersofcitationsinthiscategoryremains
muchsmal1erthaninthebionexus．TheincreaseinperpatentpropensltytOCitescience，
COmbinedwithasharplnCreaSeinpatentlngir）theIT－relatedclasses，eXplainsmostofthe
aggregateincreaseincitationstoscienceoutsidethebionexus．
34However，dropplngHpublicscienceinstitution，，patentsfromthesampledoesnotqualitativelychange
thenatureoftheotherresults．
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Whilemuchoftherecentqualitativeliteratureonuniverslty－industrylnteraCtionhas
focusedontheextensiveborrowlngfromsciencetakingplaceinthebionexus，thisactivltyisless
welldocumentedoutsidethatnexus・35Nevertheless，thetimlngOftheincreaseinper－Patent
PrOPenSitytocitesciencenotedaboveisroughlycoincidentwithtwomqorchangeSinpatentlng
－aSubstaLntialincreaseinpatentlngbysemiconductorfirmS，eSPeCiallytheso－Called“fabless”IC
designfirms，andasharplnCreaSeinsoftwarepatenting・Thesemiconductorindustryhasalways
hadstronglinkstosciencelHicksetal．，2001，Lim，2003］，but，aSHallandZiedonisl2001］have
Showed，firmSinthisindustrybegansharplylnCreaSingtheirpatentinginthe1980Sand1990S．
FurthermOre，neWentrantS（theso－Called“fabless”designfirms）emergedthatwereoftenclosely
linkedtouniversityenglneeringdepartments．
TheincreaseinsoftwarepatentingfollowedchangeSinU．S．patentlnglawandpractice
Whichexpandedtheabilityofsoftwareinventorstopatent，ratherthancopyright，theirinventions
lBessenandHunt，2003］・Therewaslittlepatent“priorart”tocite，SOPatentSinthisareahave
tendedtocitemorenonpatentpriorart，includingtherelevantacademicworkincomputerscience
andrelatedfields・SoftwarePatentSCanbedifficulttotrack，andtheexactingtlmlngOfthe
measuredincreasedependsononesdefinitionofasoftwarepatent．Nevertheless，SOmeObservers
SuggeStthattherewasasharplnCreaSeinsoftwarepatentlngattheendofthe1980S・36
The丘nalresulttonotefromourexplorationofcitationactivltyOutSidethebionexusis
thatrecentcohortsofpaperSarenOtmOrelikelytobecited．Infact，theper－PaPerCitedness
measureshavesharplyplummeted，eVenWhenoneincludespublicsciencepatentsinthesample・
Onecanalsoseethattheestimatedobsolescencecoefncientissubstantialb，higherthanthe
OVerallsample，Whilethediffusionparameterislower．Theseresultsneedtobeviewedtogether．
35AroraandGambardella［1994］presentmanyexamPlesofwhatmightbecalledamore“scientinc，，
approachtoindustrialresearchoutsidethebionexus，andstressthecentralityofinformationteChnologyln
drivingthisshift．
36seeBessenandHunt【2003］whodiscusstheproblemsinvoIvedinmeasuringsoftwarepatentingand
PrOvidealternativecountsofsoftwarepatentsovertime・Someoftheseseriesincreasequitesharplyinthe
latc1980S．
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Onaverage，thegapbetweenpaperpublicationandpatentcitationismuchshorterthanitisinthe
bionexus，SuChthatveryrecentscienceismuchmorelikelytogetcited．Controllingfbrthis
Shortgap，however，thereisnoevidencethatthemostrecentcohortsofpaperSgeneratemOre
knowledgespillovers．Infhct，theestimateddeclineinper－PaPerCitednessissosharpthatthe
Substantialincreaseinpublicationsinthesedisciplinesfailstomakeapositivecontributionto
totalcitations．Ingeneral，itseemsthatcitationstoscienceinthesecategoriesarriVemore
quickly，decaymorerapidly，andpeakatalowerlevel．
Framlngtheseresultsinlightofthealtemativehypothesesstatedintheintroduction，it
SeemSClearthattheincreaseincitationsoutsidethebionexushasbeendrivenalmostentirelyby
COmPOSitioneffbcts－bothintermsoffieldsoftechnology，fieldsofscience，andinstitutions”
and“changlngmethodsofinvention．”Inthatsense，reSultsherearebroadlyconsistentwiththose
discussedearlier．However，itmustbestressedthatcitationactivltyinthesecondaryITnexus
identifiedinthesedataissubstantiallylowerthanthatwithinthebionexus－SOmuChsothatthe
ITnexusdoesnotevenshowupinthefullsample．TheexplosionofITpatentinglnreCentyearS
hasbeenevenmoredramatiCthanthatofbionexuspatentlng，buttherelativepaucltyOfcitations
toscienceamOngthesepatentssuggeststhatknowledgespilloversfromacademiahavealmost
CertainlynotplayedtheprlmaryrOleingeneratingthispatentexplosion．
Ⅴ．　　ConclusionsamdExte血Sio血S
Whatisdrivlngtheremafkableincreaseoverthelastdecadeinthepropensityofpatents
tociteacademicscience？Doesthistrendindicatethatstrongerknowledgespilloversfrom
academiahavehelpeddrivethesurgeininnovativeactlVltyintheU．S．inthe1990S？Thispaper
hassoughttoshedlightonthesequestionsbyusingacommOnemPiriCalframeWOrktoassessthe
relativeimportanceofvariousalternativehypothesesinexplainlngthegrowthinpatentcitations
toscience．MyanalysissupportsthenotionthatthenatureofU．S．inventiveactivityhaschanged
OVerthesampleperiod，Withanincreasedemphasisontheuseoftheknowledgegeneratedby
university－basedscientistsinlateryears．Thatbeingsaid，knowledgeflowsfromacademiato
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industry，aStheyaremeasuredinthispaper，havebeenoverwhelminglyconcentratedinthebio
nexusthroughoutthesampleperiod．Whilescientificbreakthroughsgeneratedbyacademic
researchers，Particularlyinthelifbsciences，havegeneratednew“teclm01ogicalopportunities，”
thesenewopportunitiesareevidentlylimitedinscope・Strongerknowledgespilloversfrom
academiaprovide，atbest，Onlyapartialexplanationoftherecentsurgeinindustrialinnovation
evidentinU．S．patentstatistics・
InmylntrOduction，Ilaidoutfburaltemativehypothesesthatcouldpossiblyexplainthe
SharplnCreaSeOVertimeinthenumberofpatentcitationstoscience：the“increaslngSCienti丘C
fertilityhypothesis，”the“attorney－driven”hypothesis，the“changlngmethodofinvention
hypothesis，”andthe“changlngCOmPOSitionofinvention”hypothesis．Whenoneexcludes
“publicscience”patents，thereislittlerobustevidencethatthescientificfbrtilityofmorerecent
COhortsofpapersisincreaslngOVertime．Thereisampleevidenceofdramatic“attomey－driven”
fluctuationsintheoveral11evelofcitation，butthesecanbelargelylinkedtoaone－timechangein
U．S．patentlawinthemid－1990S，andcontrollingforthese“attorney－driven”changeSir）Citations
PraCticedoesnotaffbctthequalitativeimportanceofthe“changlngCOmpOSition”and“changlng
methodsofinvention”hypothesesinexplainlngOVeralltrendsinthedata．Itisthecombination
Oftheselattertwohypothesesthataremostconsistentwiththedata．
Myresultsalsospeak，albeitindirectly，tOthemechanismsbywhichknowledgeflows
fromuniversitiestoindustry．ThepatentingandsubsequentcommerCiallicensingofuniversity一
generatedknowledgedoesnotseemtobeanecessaryconditionforusefulknowledgeflowsto
takeplace．Infact，thegeneraltenorofmyresultsisunalteredbytheremovalofallpatents
asslgnedto“publicscienceinstitutions”fromthedatabase．Thisseemstoresultfromthefactthat，
eventoday，Onlyatinyfractionofthecommercial1yrelevantSCiencegeneratedbyuniversitiesis
everpatentedorlicensed．Itdoesnotfbllowftomthisthattherecentpublicpolicyfocus，inthe
UnitedStateSandelsewhere，OntheestablishmentoftechnologylicenslngO庁icesinuniversities
andtheencouragementoflicenslngaCtivityisnecessari1ymsplaced．Nevertheless，theresults
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COntainedhereinsuggestthatuniversltyPatentSandassociatedlicensesareneithertheonlynor
themostimportantmeansbywhichuniversity一generatedknowledgeistransfbrredtoindustry．
ThefindingsofthispaperalsosuggestsomeinterestlngaVenueSbrfutureresearch．AsI
havealreadynoted，atthecurrentlevelofaggregationusedinthispaper，itisdifnculttocometo
ade丘miteconclusionabouttheimpactofknowledgeflowsfromacademiaontheresearch
PrOductivltyOfciting丘rmS．Bytrackingthepatentsandresearchinptltsofindividual丘rmSOVer
time，Iwouldbeabletobringtobearalloftheusualpaneldataeconometricteclmiques．These
COuldprovideusefulleverageindeteminlngWhetherincreasesintheintensltyOfafirm’scitation
ofacademicscienceactua11yleadtosubstantiallyhigherlevelsofinr）OVativeproductivlty・37At
thefirmlevel，IcanalsogomuchfurtherintermSOfexplonnghowdiffbrentfirmShave
diffbrentiallybenefitedfromuniversity－basedscientificresearch．Theconventionalwisdom
SuggeStSthatuniverslty－1inkedstart－uPfirmShavebeenanimportantvehicleforthemediationof
knowledgeflowsfromuniversitiestoindustry．Withrich，fim－SPeCific，time－Varyingdataonthe
CharacteriSticsofciting丘ms，OneCOuldexploretheseandrelatedhypothesesmuchmore
thoroughly．Pursuingsuchanalysesatthefirmlevelisthefocusofcurrentresearch．
Theresultsofthepaperalsosuggestaclassoftheoreticalmodelsthatcouldguidefurther
empiriCalanalyses．Nearlytwentyyearsago，EvensonandKislevl1976］proposedamodelofthe
interactionbetweenbasicscienceandappliedresearch．Ihavealreadyarguedthattrendsin
Patentlngandpatentcitationswithinthebionexusseembroadlyconsistentwiththeirconceptofa
basicscientificbreakthroughopenlnguPneW“SearChdistributions”fbrappliedresearch．Further
theoretiCalwork，buildingontheworkofEvensonandKislevandthesubsequentworkthey
inspired，SuChasKortum［1997］，mayprOVetObeausefulcomplementtotheempiriCalwork
describedabove．
37　preliminaryempiriCalresearchbytheauthorsuggeststhatthisisindeedthecase・Inkeepingwiththe
PattemOfresultsinthecurrentp坤er，thepositiveimpactonresearchproductivltyaPpearStObe
Substantiallyhigherinthebionexusthanelsewhere．
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TableI CitationFunctionRcsults，PullSample
Variable Coe爪cient T－StatistiCforHo：Parameter＝1
ComputersandCommunications 0．04 －150．72
Drugs！medicine 2．41 91．93
Electro皿ics 0．05 －157．91
M echanical 0．01 －132．68
Other 0．05 －119．99
Biomedicalresearch 41．02 10．11
Chemi stry 4．75 8．03
ClinicalMedicine 5．35 8．36
Emg／Technology 0．25 －7．94
OtherScie皿Ce 0．37 －7．00
Physics 0．49 －5．31
Caltech 1．19 23．93
Berkeley 0．57 －82．34
Davis 0．42 －112．52
IrviIle 044 －93．81
LosA血geles 0．39 －128．68
Riverside 0．26 －110．96
S洩nb Rarb虫ra 0．29 －89．11
Sanb Cruz 0．26 －87．01
S糾皿Diego 1．02 2．91
S且nb Prancisco 0．85 －27．36
USC 0．55 －72．01
US－CA 2．67 126．09
No皿一US 044 －95．98
OtherIJIStitutions 1．72 44．83
PublicScience 3．66 120．76
Grantyear88－，0 1．02 0．95
Gra皿tyear91題93 1．02 0．64
Grantyear，重96 1．36 10．32
Gr且ntyear97－，， 2．09 18．75
Paperpubye盆r85－88 1．30 26．76
Paperpubyear89－92 1．40 21．28
P虞Pcrpubyear93－97 1．10 4．78
A （ObsolescenC亘） 0．12 75．20
A （dimlSio皿） 1．05E－08 10．06
AdjustedR－Squared 0．220
NtLmberofobservations 834624
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FigureV RttedCitationR．equency（EhseCategory）
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TableII CitationFunctionResults（excludingthepatentsappliedinMay〃une199
Variable Coemcient T－Sl．atistiCforHo：Parameter＝1
ComputersandCommunications 0．04 －149．07
Drugs／medicine 2．29 86．30
Electronics 0．06 －157．78
M echanical 0．01 －132．19
Other 0．05 －119．16
Biomedicalresearch 40．67 9．43
Chemistりr 5．59 7．83
ClinicalMedicine 5．23 7．75
Eng／Technology 0．29 －6．99
OtherScience 0．38 －6．37
Physics 0．61 －3．57
Caltech 1．15 18．36
Berkeley 0．58 －73．34
Davis 0．36 －118．03
Irvi血e 0．47 －82．48
LosAngeles 0．39 －119．34
Riverside 0．29 －98．94
SantaBarbara 0．30 －82．12
Sanb Cruz 0．22 －85．19
Sa皿Diego 1．04 5．86
SanPrancisco 0．84 －26．02
USC 0．55 －67．73
US－CA 2．67 117．89
Non－US 0．45 －88．60
OtherInstitutions 1．72 37．49
PublicScience 4．28 107．11
Grantyear88－90 1．03 1．32
Grantyear91－93 1．05 2．胼
Gra皿tyear9本96 1．42 11．54
Grantyear97－99 1．96 17．28
Paperpubyear85－88 1．31 25．15
Paperpubyear89－92 1．38 19．02
Paperpubyear93－97 1．16 6．85
β （obsolescence） 0．122 73．44
A （di肋 sion） 9．89E－09 9．42
AdjustedR－Sqtlared 0．195
Numberofobservations 834624
Basecategories・Patenttechnologycategory＝ChemlCals，SClentlficfield＝blOlogy，aCademlCinstltute＝Stanford，PatentaSSlgnee
locatlOn＝U・S・血on－Californla，PatentaSSigneetype＝fim，Patentgrantyear＝［1983，1987］，PaperPubhcadonyear＝［1981，1984］
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TableIII CitationFunctionResults
FullsamPle（excludingthepatentsgrantedtopublicscienceinstitutions，
andthepatentsappliedinMay〝une1995）
Coe鋼icie皿t T－StatistiCforHo：Parameter＝l
ComputersandCommunications 0．039 －65．75
Drugs／medicine 4．400 44．20
Electronics 0．070 －58．35
Mechanical 0．024 －54．62
Other 0．017 －57．01
Biomedicalrese盆rCh 82．019 2．89
Chemist㌣ 2．559 1．69
ClinicalMedicine 8．810 2．59
Empilleerillp爛れdTePhllnlnFV 0．396 －1．86
OtherScience 0．502 －1．56
Physics 0．680 －0．90
Caltech 1．189 16．67
Berkeley 0．399 －84．70
D鑓Vis 0．206 －113．93
Irvine 0．242 －89．45
LosA皿geles 0．333 －98．85
SantaBarbara 0．609 －32．62
Rkersidc 0．163 －88．64
SantaCruz 0．181 －66．39
S劃nDiego 0．533 －62．41
SanPrancisco 0．509 －72．20
USC 0．599 －43．47
US－CA 2．696 67．36
Non－US 0．375 －74．64
OtherInstitutions 2．196 74．20
Gra皿tyear8駐90 1．204 6．08
Grantyear91－93 1．044 1．38
Grantyear94－96 1．286 6．53
Grantyear，7－99 2．221 14．03
Paperpubyear85－88 0．740 －25．99
Paperpubyear89－，2 0．540 －36．42
P虞PerPubyear，3－97 0．413 －40．76
A （Obsolescence） 0．123 45．24
A （di肋 sion） 5．38I三一09 2．92
AdjustedR－Squared 0．118
Nはmberorobserva60軋S 556416
BasecategorleS：Patentteclm0logycategory＝ChemlCals，SC）entificfield＝biology，aCademlCinstltute＝Stanford，PatentaSSlgnee
location＝U・S・／non－Cahfomia，PatentaSSlgneetyPe＝firm，Patentgrantyear＝［1983，1987］，PaperPubhcatlOnyear＝［1981，1984］
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TableIV WaldTestsofRestrictions
Hypotheses：
（1）Ho：Allcoefncientsofpatenttechnologycategoriesarethesame・
（2）Ho：Allcoefncientsofpaperfieldsarethesame・
（3）Ho：AllcoefficientsofpatentgrantyearSarethesame・
（4）Ho：Allcoefncientsofpaperpublicationyearsarethesame．
HyPOthesis
7壱∫Jre∫〟J加
Cゐf－鞠．　　　　 」〃．〆恒庇ノ
由一17αJ〟の
仰 36983．7　　　　　　　　 0．081
（0．000）
け 656．1　　　　　　　 0．051
（0．000）
〃ノα〃d砂 37639．9　　　　　　　　 0．028
（0．000）
伊 1256．6　　　　　　　　 0．193
（0．000）
砂 1435．8　　　　　　　　 0．193
（0．000）
瑚招待 肌叫 0．195
＃q／のぶ． 834624
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TableV
BioNexusResults
Variable Coel限cielt T－StatisticfbrHo：Parameter＝1
Drugs＆Medical 2．394 36．49
Chemistry 0．192 －68．28
ClinicalMedicine 0．183 －96．74
OtherBiotech 2．325 41．93
Caltech 0．900 －6．36
Berkeley 0．474 －45．54
Davis 0．303 －61．64
Irvine 0．367 －46．95
LosAngeles 0．364 －57．15
mverside 0．222 －50．74
SantaBarbara 0．264 －39．76
Sa皿taCruz 0．241 －36．67
Sa皿Diego 0．980 －1．35
SanPrancisco 0．778 －17．64
USC 0．506 －33．72
US－CA 2．541 49．27
Non－US 0．443 －38．89
OtherInstitutions 1．586 13．50
PublicScience 4．153 45．76
Gra皿tyear 88－90 1．027 0．48
Grantyear 91－93 1．021 0．38
Grantyear9本96 1．364 4．57
Gra皿tyearp7－9， 1．703 6．37
Paperpubyear85－88 1．298 10．68
Paperpubyear89－92 1．313 7．04
Paperpubyear93－97 1．102 1．91
A （obsolesce皿Ce） 0．113 28．78
A （di仇1Sio血） 3．23E－07 18．17
AdjustedR－Squared 0．184
Numberorobservations 158976
Basecategories．Patenttechnologycategory＝Chemicals，SClentlficfield＝b10ChemlStry，biophysICS，andmolecularblOlogy，aCademlC
lnStltute＝Stanford，PatentaSSlgneelocation＝U・S／non－Callfomla，PatentaSSlgneetyPe＝finn，Patentgrantyear＝［1983，1987］，Paper
PubllCationyear＝［1981，1984］
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TableVI
Non－bioResults
Variable Coe踊cient T－StatisticbrHo：Parameter＝1
Computers＆Communications 17．602 8．66
Electronics 7．185 7．86
Mechanical 4．539 6．94
Other 0．207 －5．50
Eng／Technology 9．289 3．07
OtherScience 0．520 －1．54
Physics 44．397 3．38
Caltech 0．142 －133．39
Berkeley 0．089 －139．61
Davis 0．454 －53．52
Irvine 0．011 －105．88
LosAngeles 0．044 －131．93
mverside 0．013 －85．92
Sa皿ta】iarbara 0．039 －133．34
Sa血taCruz 0．005 －81．37
SanDiego 0．025 －121．39
SanFrancisco 0．002 －139．44
USC 0．066 －113．47
US－CA 21．629 9．85
Non－US 0．781 －1．66
OtherInstitutions 0．469 －1．81
PublicScie血ce 38．070 8．53
Grantyear8駐90 16．349 20．87
Grantyear91－93 7．158 14．52
Grantyear9も96 15．722 13．37
Gra皿tyear97－，9 16．127 8．71
Paperpubyear85－88 0．210 －181．91
Paperpubyear89－92 0．081 －206．58
PaperPubyear93－97 0．022 －382．75
A （Obsolesce皿Ce） 0．542 106．29
A （di帆 sio皿） 5．81E－11 2．89
AdjustedR－Squared 0．069
Numberorobservations 397440
Basecategories：Patenttechnologycategory＝ChemiCalS，SCientificfield＝Chemistry，aCademicinstitute＝Stanford，Patent
assigneelocation＝U．Sノnon－Califomia，PatentaSSigneetype＝firm，Patentgrantyear＝［1983，1987］，PaperPublication
year＝［1981，1984］
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PRELIMINARYDRAFT
PIeasedonotquotewithoutpermissionoftheauthors．
DoestheGoldenGooseTravel？
AComparativeAnalysisoftheInfluenceofPublicResearchonIndustrial
R＆DintheU．S．andJapan．
JohnP．Walsh＊－UniversltyOfTbkyo
WesleyM．Cohen－DukeUniverslty
Febnlary，2004
ABSTRACT
ThereissubstantialconcemintheU．S．andJapanaboutuniversities’andotherpublic
researchinstitutions’contributionstonationalinnovationsystems．Inbothcountries，
thereisastrongdesiretostrengthentiesbetween丘rmsandpublicresearch．Thereare
alsothosewhocautionthatstrengtheningsuchtiesmayendangertheproverbialgoose
thatlays golden eggs．Furthermore，reCent debateinJapanhasfocused onthe
PerCeived relative weakness ofJapaneSe universitiesininfluenclngindustrialR＆D．
BasedoncomparablesurveySOfAmeriCanandJapaneseR＆Dlabs，WeCOmParethe
influence of public research onindustrialR＆D．We begin by showingthatthe
institutionalenvironmentforuniverslty－industrylinkagesinthetwocountriesarequlte
distinct．　We　then examine　theimpact of public researCh uslng a Variety of
Survey－based measures．We findthat public research has a substantialimpact on
industrialR＆Dinbothcountries．Furthermore，COntrarytOCOnVentionalwisdom，We
findthattheeffectofpublicresearchuponindustrialR＆Disatleastasstrongoverallin
JapanaSitisinthe U．S．一一and typically stronger．However，industry－by－industry
COmParisonsshowsubstantialheterogeneityinthepattems，Withthecountrydiffbrence
reversedin someindustries，including communications equlPment and automobiles．
WethenexploretheorganizationalandinstitutionalcharacteriSticsthatmightexplain
thesecountrydifftrences．BasedonaseriesofloglSticregressions，WeShowthatuse
Ofpublicresearchisassociatedwithinvestmentinbasicresearch，prOXimltytopublic
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researchcenters，jobrotationforenglneerS，andfirmSize・However，includingthese
firm－1evelcharacteristicsintheregressionsdoesnoteliminatethecountryeffect・We
COnCludewithpossibleexplanationsfortheobservedcountryeffects．
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1．Introduction
ThereissubstantialinterestintheU．S．andJapaninthequestionoftheroleof
universltyreSearChandotherpublicresearchinstitutionsinfostennglnnOVationand
economicdevelopment．Inparticular，queStionshavebeenraisedabouthowto
OVerCOmeSeVeralperceivedweaknessesintheabilityofuniversitiestoprovide
assistanCetOindustrialR＆D．PolicymakersintheU．S．haveintroducedavarietyof
POliciesdesignedtoencouragelinkagesbetweenfirmSanduniversities．Theseinclude
theBayh－DoleAct（WhichfhcilitateduniversitiestakingtitleofFederallyfunded
inventionsandgrantingexclusivelicenses），CRADAs（whichencouragedpublic－Private
COOPerativeresearch），theCooperativeResearchAct，etc．（Heaton，etal．，1997）．
Similarly，theJapanesegovemmenthasadoptedseveralpolicies，SOmeeXPlicitly
modeledonthenewU．S．laws．TheseincludetheTbchnologyTlanSfbrLaw（1998），
Whichallowedtheestablishmentofteclmologylicensingofnces（TLOs）fbrthenational
universities，additionalmeasuresthatreducedpatentftesforuniversitiesandrelaxedthe
rulesfbrprofessorsdoingworkforindustry，andspecialfundinginitiativesforindustrial
developmentofuniversltylnVentions．
FurthermOre，glVentherelativelyweakperfbrmanCeOftheJapaneSeeCOnOmyln
the1990sandthewidespreadperceptlOnOnbothsidesofthePacificoceanthat
Americanuniversitieswerebothscientificallystrongerandmoreentrepreneurial，itis
generallyassumedthatJapaneSeuniversitiesdoarelativelypoorjobofcontributingto
industrialR＆DinJapan（See，forexamPle，Yoshiharaandlhmai，1999fbrareview）．
Forexample，Cutts（1992）arguesthatJapaneseuniversitiesaredisconnectedfrom
practicalinfluenceandhavebecome“anextreme，almostgrotesqueformOfivory
tower．”［p．84］BrandinandHamison（1987）claimthatJapaneSePrOfbssorshaveonly”a
Veryindirectinfluenceoverindustry”［p．98］，throughthestudentstheygraduateand
theirparticIPationongovemmentcommittees，butwithlittledirectresearchcontactwith
industry．Uenohara，etal．（1984）pointtotheweaklevelofuniversity－industry
COOPerationinthesemiconductorindustryinJapanasonereasonfbrthedevelopment
OfindustryR＆Dconsortia．Mukaibo（1991）suggeststhatuniversity－industrylinkages
inJapanare“verytenuous，tOthepointofbeingnegligible”lp．6］andpointstothelow
ratesofindustryfundingofuniversltyreSearChinJapancomparedtotheU．S．as
evidence．ThisperceptionofagapbetweenJapanandtheU．S．underliesmanyOfthe
3
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recentpolicylnltlatives・lForexample，areCentPreSentationtoAUTMbythedirector
OfUniversity－IndustryCooperationatMETIlfbrmerlyMITI］producedthefollowchart
（Tablel）showingtherelativelylowernumbersofpatents，licensesandventurefirmSin
JapancomparedtotheU・S・，Withthecomment，‘‘ComparedwiththeU・S・，Japanese
TLO，slicensingrateandthenumberofuniversity－basedstart－uPSareboth
extremelylowand，aSareSult，山anyeXCellentteclm010giesarenotutilized．More
SuPPOrtmeaSureSareneededinordertolinkUniversity－hdustrycooperationto
economicactivities．”［emphasisintheoriginal］Yet，despitetheseclaimsaboutthe
relativelyweakperfbrmanceofuniversitiesinJapan，PnOremPiriCalworkhasproduced
COnflictingresults，SuggeStingthatJapaneSeuniversitiesmaynotunder－Perfbrm
COmParedtoAmeriCanuniversities（Hicks，1993，Pechter，2000）．
InordertoprovideempiriCalgroundingfbrtheongolngPOlicydebatesrelatedto
improvlnglinkagesbetweenuniversityresearchandindustrialR＆D，WePreSentdata
fromaunlquedatasetbuiltonparallelsurveysconductedinJapanandtheU．S．We
SurveyedR＆Dmanagersinbothcountriesandaskedthemabouttheinfluenceofpublic
research－－－reflectingpredominantlytheroleofuniversltyreSearCh－－aSWellasother
OutSidesources，Ontheirfirms’R＆D．恥usethesedatatoanswerthreequestions．
First，howimportantispublicresearchfbrindustrialR＆D？Second，Whatarethekey
mechanisms氏）rtranSfbminginformationfromuniversitiesandotherpublicresearch
institutionstofirms？And，丘nally，howdoJapanandtheU．S．compareintermSOfthe
impactofpublicresearch．Wewillalsousethesedatatoexaminetheorganizational
andinstitutionalfactorsthatmightexplainthesecountrydifferences．
Thepresentanalysisbuildsonourpnorworkexamlnlngtheinfluenceofpublic
researChonindustrialR＆DintheU．S．（Cohen，eta1．，2002a）．Theresultsfromthat
analysissuggestedseveralconclusions．First，WefbundthatpublicresearchintheU．S．
WaSanimportantsourceofinfbrmationforindustrialresearch．Theimpactswere
StrOngeStinthedrugindustry，butwerebroadlyimportant，SPannlngbothhigh－teChand
matureindustries．Overal1，WhilepublicresearChwaslessimportantthaLnCuStOmerSOr
thefirm’sownmanufhcturingunits，theywereonaparwithcompetitorsasasourceof
1somewhatironically，manyOftheAmeriCanPOlicychangeSinthe1980swerethe
resultofaperceptlOnthatatthattimetheAmericaninnovationsystemwas
underperformingrelativetoJapanandthatamoreJapan－1ikesystem（emphasizing
COOPerativeR＆D）wouldimprovetheU．S．innovationsystem（Sunami，2001）．
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infbrmation．Wealsofoundsupportfbrafeedback，ratherthanlinear，mOdelofthe
innovationprocess（Cf．KlineandRosenberg，1986）・FirmSintheU・S．reportedthat
PublicresearchwasatleastasimportantforhelpingcompleteexistlngPrQJeCtSaSfbr
SuggeStingnewprq）eCtS．Wealsofoundthatthechannelsofopenscience
（Publications，COnfbrences，andinfbrmalinteraction）werekeyfortranSmittingscienti丘C
knowledge，Withpatentsandlicensesrankedasmuchlessimportant．Finally，Wefound
thatlargefirmSuSedpublicresearchmorethandidsmallfirmswiththeimportant
exceptionthatstartupfirmsweresomewhatmorelikelytorelyonpublicresearch，
especiallyinthedrugindustry，Withuniversitiesandotherpublicresearchinstitutions
ParticularlyimportantforhelpingstartupscompleteexistlngPrOjeCtS・Theoverall
PICtureWaSOneOfAmeriCanPublicresearchmakingaslgnincantcontributionto
industrialR＆D．
hthispaper，WeCOnductacomparativeanalysisbetweentheU・S．andJapan
PartlytoprobethegeneralityofourU・S・丘ndings（Cohenetal・［2002a］），andpartlyto
evaluatetherelativeimpactofpublicresearchinthesetwoimportantcases．AIso，tO
theextentthatthefindingsdifferLLWhichmightbeexpectedinlightofthevery
diffbrentinstitutions，nOrmSandpoliciesaffectingpublicandprivateresearchinboth
nations（Cf．MoweryandRosenbergll993］andOdagiriandGoto［1993］）－－WeCan
examinewhatfactorsexplainthesediffbrences，WiththehopeofadvanClngOur
understandingofthefactorsaffectingtherolethatpublicresearchplaysinanational
innovationsystem．
Althoughour伍ndingsreflecttheinfluenceofbothuniversitiesandgovemment
researchinstitutions，WeWillfbcusmuchofourdiscussionontheroleofuniversities．
InourprioranalysisfortheU・S・（Cohenetal・，2002a），Ourfindingsreflected
Predominantlytheimpactofuniversityresearchratherthanthatconductedin
govemmentlabs・WeexpectthesametObetruefbrtheJapanesecase・2　Thus，We
2wemadethiscasefbrtheU・S・byreferringtopattemsinpatentcitationstothe
SCientificliterature．ThoughasimilaranalysisisnotavailableforJapan，universities
appeartobethemaJOraCtOrhereaswell．ForexamPle，Ofthetotalofpublicresearch
inJapan，Only30％isconductedingovemmentresearChinstitutions，Withtheremainder
inuniversities（NISTEP，1995）．ArecentsurveyoffirmsinJapanshowedthatuniversity
linkagesweremainlyusedtogathernewknowledgeorteclmicalinformation，Whileties
togovernmentlabswereusedprimarilyasameanSOfaccesslngSPeCializedequlPment
（RETI，2003）．Thirty－ninepercentoffirmSrePOrtedresearchlinkswithuniversities，
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beginbydescribingtheinstitutionalcontextinwhichuniverslty－industrylinkagesare
embeddedineachcountry．Wethenreviewsomeoftheearliercomparisonson
universlty－industrylinkagesinthetwocountries，WhichcanPrOduceconflictingresults，
dependingonthemeasurest Wethenuseoursurveydatatoshowthatlinkagesin
JapanfbllowapatternlargelysimilartothatfoundintheU．S．，Withpublicresearch
beinglmPOrtantaSaninformationsource，aboutonparwithcompetitors，andwiththe
drugindustrybeingespeciallyclosetopublicresearch．Wealsofindthatthechannelsof
OPenSCiencearekeyinJapanaSintheU．S・，andthatthereseemstoaslgnificant
feedbackcomponenttotherelationship．And，Perhapssomewhatsurpnslngly，Wefind
thatthemagnitudeoftheimpactofpublicresearchonindustrialR＆Disatleastas
StrOnginJapanasitisintheU．S．Wewi11alsoexamineindustrydifferencesinthis
generalpattem・Finally，WeeXPloreorganizationalandinstitutionalfactorsthatmay
COntributetoobserveddiffbrencesintheinfluenceofuniversities．Weconcludewitha
discussionoftheimplicationsofourfindings．
2・I皿StitutionalContext：TheUnivcrsitySystemintheUnitedStatesandJapan
川ピド前／ピ（／．骨（J／ハI前座／・．叫・旦ハ／ピ〝J
TheUnitedStatesuniversltySyStemischaracterizedbyahighlydecentralized
SyStemOfprivateandstateuniversitiesthatcompeteaspeersforFederalresearchfunds
（Hanes，1999）・Thisextemalfundingiskeytotheuniversity’sresearchactivity，With
internalfundingaccountingfbronlyabout20％oftotalR＆D（NSF，2002）．3　0veral1，
govemmentfundingaccountedfbrabout74％ofR＆Dexpendituresin1981，declining
to66％in1999，WhileindustryfundinglnCreaSedfrom4．4％to7．3％inthissame
period（seeFig・1）（NSF，2002）・Inaddition，nOtOnlyisindustrymoneyacceptable，but
COnSultinglSCOmmOn，andevenencouraged，SOlongasitdoesnotinterferewithone’s
universityduties・Onedayperweekisacommonnorm・UnlikeJapan，U．S．Federal
17％hadresearchlinkstonationallabs，and25％hadresearchlinkstootherpubliclabs．
TherecanbeoverlapintherespondentssaylngyeStOeaChtypeoftie，SOWedonot
knowthetotalfbrallpubliclabs・However，thesedatasuggestthatgovemmentlabsin
JapanplayanimportantrOleinthesystemofpublicresearch，aLndweshouldkeepthis
inmindwheninterpretlngreSults．
3Thispercentofintemalfundinghasincreasedsteadilysince1960，doublingoverthe
last40years．
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fundingoftenincludessalarymoneyforgraduateandpostdoctoralresearchassistantS，
andinsomecircumstances，facultylnVeStigatorsalaries，aSWellasoverheadcostsfor
theuniversity，inadditiontothedirectcostsoftheprQject・Infact，thereisacategory
Offu11－timepost－doctoralresearchpersonnelthatarefundedbyprq）eCt，basedgrantS，the
so－Called“soft－mOney”positions（Heaton，etal・，1997）・Thesepositionsallow
universitiestoadd（OrSubtract）personneltorespondtochangeSintheprQject－based
fundingffomyeartoyear・Thereissubstantialvariationfromyeartoyearinsuchfunds
（seeTable2，discussedbelow）．
Americanuniversitieshavelonghadcloselinkstoindustry，gOlngbacktothe
landgrantCOllegesestablishedbytheMomillActof1862，althoughtherewasa
significantdeclineinthepercentofindustryfundinginthel960S（NSF，2002）．4
Industryfundingbeganretumingagaininthe1970S・Beginninginthe1980S（inpartas
aresponsetotheperceivedstrengthsoftheJapaneseinnovationsystem）aseriesof
POlicychangeswereimplementedthatweredesignedtoincreasetheflowoftechnology
fromuniversitiesandpubliclabstoindustry．Perhapsthemostcelebratedofthesewas
theBayh－DoleActofl980・Thismodificationtothepatentlawmadeitmucheasier
foruniversitiestotaketitletoinventionsgrowlngOutOfFederallyfundedresearchand
toexclusivelylicensesuchinventions・TheActalsoencouragesuniversitiestoglVe
PreferencetosmallfirmSWhenchooslnglicensees・Asecondpolicylnltlativewasthe
EngineenngResearchCentersinitiative，Whichbeganin1985・Thesecenterswere
locatedatuniversitiesandwerefundedtoencourageappliedresearchandcollaboration
Withindustry・NSFhasfundedabout50ERCstodate・TheNationalCooperative
ResearchAct，1984，enCOuragedjointresearchonpre－COmPetitivetechnologyby
exemptingsuchconsortiafromanti－truStPrOSeCution・Theseconsortiafrequently
includeuniversities，furtherencouraglnglinkages・5　TheTbclm0logyTranSfbrActof
l986authorizedCooperateResearchandDevelopmentAgreements（CRADAs）toallow
firmStOWOfkwithgovemmentlabs．Again，universltyPerSOnnelareoftenpartof
CRADAs．TheBasicResearchTaxcredit，addedin1986，gaVefirmsataxcreditfbr
OutSOurCedR＆D，enCOuraglngfirmStOdoresearchcontractswithuniversities・Thus，
4JapanWentthroughasimilardeclineinuniversity－industrytiesduringthisperiod・
5About15％oftheseconsortiaincludeatleastoneuniversitypartner（NSF，2002）．
ThepercentageinelectronicsandelectriCalequlPmentisabouttwicethat・
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duringthe1980S，aSeriesofpolicyinitiativesintheU．S．setthestageforclose
university－industrylinkages，includingJOlntreSearCh，COntraCtreSearChandlicenslngOf
universitylnVentions・Mostofthesepolicylnltlativesfbcusonfbrmalizing
universlty－industrylinkages，through，fbrexample，reSearChcontractsortechnology
licenses．
ThesepolicychangeShavecreatedasystemthatincreaslnglyemphasizes
Patentlngandlicenslng・Theresulthasbeenasubstantialgrowthoftechnology
tranSferofnces，anincreaseinuniversltypatentlngandanincreaseinuniverslty
licenslng，includingasubstantialpercentageofexclusivelicenses．Forexample，in
2002，abouthalfoflicenseswereexclusive，and90％oflicensestosmallfirmSWere
exclusive・Universitiesarealsoincreasinglytakingequitystakesinstartups（which
OftencannOtPaymuChinlicensingfees）．Datafrom2002showthatuniversitiesheld
equityin70％oftheirstartups，anincreasefrom56％theprioryear（AUTM，2002）．
Thus，universitiesincreaslnglynndthemselvesinthepositionofnotonlygeneratlng
ideas，butalsobecomlngbusinesspartnersintheirdevelopment．
However，thesepolicieschangesq）PeartOhavehadonlymodestefftctssofar
Ontheoverallinfluenceofuniversityresearchonindusはy．Cohen，etal．（2002a），
COmPare丘rmS’estimatesoftheimportanceofuniversityresearchinl983（usingthe
Ydesurvey）and1994（usingtheCamegieMellonsurvey）andfindlittleevidenceof
Change．FurthermOre，Mowery，etal．（2001），findthatthemaineffectofthe
Bayh－DoleActmayhavebeenanincreasedemphasisonpatentingandlicenslng，Which
manyuniversitieshadavoidedpreviously，butthattherewaslittleeffbctonthecontent
Ofresearchandtheeffectonoveralllinkagesisuncertain．ThursbyandThursby（2002）
findthattheincreaseinuniversltylicenslnglSnOtaSSOCiatedwithachangeinthe
COntentOfuniversityresearch．
Ji甲α乃e∫e［加肺柑砂伽Je椚
InJapan，mOStOfthemq）OrreSearChuniversitiesarenationaluniversities，under
theadministrationoftheMinistryofCulture，Education，SportsandScience（fbrmerly
undertheMinistryofEducation）．6professorsatnationaluniversitiesarecivilservice
6AsofApri11，2004，after”agencificationH［dbkuriuu一gyOuSei－ho4inka］thenational
universitieswillbecomeindependentpubliccorporations（amovesomewhatsimilarto
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employeesandwere，untilrecently，SeVerelyrestrictedintheirabilitytoengagein
OutSidecommercialactivity（Nishizawa，2002）．Thereareafewprivateuniversities
（suchasKeio，WasedaandTbkai）thatarealsoresearchactive，butresearchactivityis
COnCentratedinthenationaluniversities．Forexample，Publicdatashowthat，inboth
1993and2002，thetoplOrecipientsof“GrantS－in－Aid”researchfundinglkakenhi］
wereallnationaluniversities，andtheselOaloneaccountedforabouthalfofthetotal
grantedbytheMinistryinaglVenyear・7　0veral1，gOVernmentfundingaccountedfbr
about58％ofuniversityR＆Dexpendituresin1981，decliningto49％in1998，While
industryfundingincreasedfrom1％to2・3％inthissameperiod（SeeFig・1）（NSF，
2002）．
ComparedtotheU．S．，reSearChinJapanismoreconcentratedintermSOfthe
distributionacrossinstitutions．Thbles2and3showthepercentdistributionof
grantsrin－aid／federalfundingacrossthetoplOuniversitiesintheU・S・andJapanin1993
and200lor2002．WeseethatthetopU．S．university，JohnsHopkins，aCCOuntSfbr
justunder5％ofthetotalin2001・hJapan，TbkyoUniversltyaCCOuntSfbrabout14％
ofthe2002total，about3timesasmuch．Similarly，thetoplOAmericanuniversities，
WhichincludesamixofpubliCandprivateuniversities）accountforjustover20％ofthe
totaleachyear，WhilethetoplOJapaneSeuniversities（allnationaluniversities）account
fbrabouthalfofthetotal．Whilewewouldexpectconcentrationtobesomewhathigher
inJapanbecausetherearefbweruniversitiesoverall，Wefindthat，eVenamOngthetop
lO，COnCentrationisgreaterinJapan．TheGinicoefncientfbrinequalityamongthetop
lOintheU．S．is．17in2001，and．19in1993．InJapan，theGinicoefncientis．35in
bothyears．Inaddition，thereismorestabilityintherankingsinJapanthanintheU・S・
ThecorrelationoftherankingsinthetoplOacrossthetwoyearsis・95inJapanand・71
intheU．S．
Sincethenationaluniversitiesaregovemmentagencies，theycouldnot，until
recently，independentlyownpatents．Instead，thenationalgovemmentwasthe
thecreationofthePostOfnceintheU．S．asanindependentgovernmententltyin1971，
orasimilarchangeinJapanin2003）．Thisagencificationisexpectedtoproducea
VarietyofchangeSinthesystemdescribed，Whichwewilladdressbelow・
7similarly，PechterandKakinuma（1999）reportthatoftheuniversitiesthat
CO－authoredwithJapaneSefirmSOVertheperiod1981－1996，thetoplOcollaborating
institutionswereallnationaluniversities．
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institutionwithownershiprightsinuniversltyinventions．However，theprofessorscould
Oftenbecometheownersoftheirowninventions，dependingonthesourceoffunding
fortheresearchthatgeneratedtheinvention（Kneller，1999a，Yoshiharaandlhmai，
1999）．InJapan，fundingforuniversityresearchcomesfromseveralmajorsources．
ThefirstistheregularresearchallowanCegiventoeachchairlkouza］．Eachchair
COnSistsofaprofessorandoneormoreassociateprofessorsandresearchassistantsand
isallocatedfundingbasedonastandardfbrmula（YbshiharaandTamai，1999，Coleman，
1999）．ThisresearchallowanCeaCCOuntSforabout44％ofthetotalresearchbudgetat
Japanesenationaluniversities（budgetpercentagesarefromKneller，1999a）．This
Standardformulaproducesarelativelevelingoffundingacrossuniversitiesand
departments（Coleman，1999）．Thesecondmajorsourceoffundingisthe
Grants－in－Aid［kakenhi］，Whichaccountsforroughly30％oftotalfunding．8Theseare
grantsglVentOfundspecificprQJeCtSandareallocatedaccordingtoacompetitive，Peer
reviewsystem．Aswehaveshown，thesegrantsareconcentratedinafbwnational
researchuniversities．Thisfundinggenerallydoesnotincludebudgetforsalariesfor
facultyorforgraduateorpostgraduateresearchassistantS，andincludesaverysmall
amountfbroverheadcosts（approximatelylO％）．Inthenationaluniversities，itisvery
difGculttohiretemporaryresearchpersonnelonaprqjectbasis（Kneller，1999b）．Itis
alsodifnculttotakealeaveofabsencetoworkonfundedprq）eCtSandhaveone’s
teachingreplacedbyadjunctinstruCtOrS．9Thisreducestheflexibilityofthesystemin
respondingtochanglngfundinglevelsinparticularlabs，becauseresearchersare
basicallya丘Xedcost．
PrivatefirmsalsofunduniversltyreSearCh．Onemethodisthrough
COmmissionedresearchorJOlntreSearChforspecificprq）eCtS，Whichtogetheraccount
foraboutlO％ofthetotalbudget・AnotheristhroughdonationslshogakukiPLkin］・
Thesedonations，Whichaccountforabout15％ofthetotal，areOftenglVentOSuPPOrta
Particularprofbssor’slab，butarenotlinkedtospeci丘cprq）eCtS．Thesedonationsfbrma
keycomponentofthesystemofinfbrmalexchangeSthatlinkparticularfirmswith
8Theactualpercentissomethingbelowthissincenon－nationaluniversitiesare
includedinthetotalGrants－in－Aidbudget（Kneller，1999）．
9whileprofbssorsdogetHsecondedHtoresearchinstitutesandotherposts，their
teachinglSCOVeredbytheirformerCOlleagues，WhoexpectthefavorrecIPrOCatedonthe
PrOfbssor’sretum．
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Particularprofessors（Kneller，1999b，Hashimoto，1999，Odagiri，1999）．Professors
generallylikesuchdonationsbecausetheyaremoreflexiblethan0therfundingsources，
fbrexample，theycanberolledover丘omonefiscalyeartothenextandcanbe
allocatedtovariousbudgetcategories（YoshiharaandTamai，1999，Kneller，1999a）．
Ownershipofprofbssors’inventionsdependsonthesourceoffunding．
Inventionscomlngfromprq）eCtSthataresupportedbyGrants－in－Aidareownedbythe
nationalgovernment，butthosesupportedbythestandardallotmentorbydonationsare
OWnedbytheprofessorindividually．ThosesupportedbynrmSfbrcommissioned
researchmaybec0－0Wnedbythestateandthefirm，Withtheexactdistributionof
OWnerShipnegotiatedamongthepartiesinvoIved（KnelIer，1999a）．YoshiharaandTamai
（1999）andKneller（1999a）suggestthattheserulescontributetoasystemwhere
PrOfessorsstrategicallyallocateinventionstoprqjects，Claimindividualownershipof
theirintellectualproperty，andthenpasstheirinventionstofirmSinfbrmal1y（generally
tothefirmSthathavebeenmakingdonations），leavingthefirmStOPatenttheinvention
（generallywiththeprofessorlistedastheinventor）．About90％ofinventiondisclosures
endupbeingassignedtotheindividualprofessor（YbshiharaandTmai，1999）．This
SyStemOfdonationsanddisclosingtofirmSCreateSflexibilityandreducestranSaCtion
COStS，SOlongasbothsidestrustandcooperatewitheachother（Whichislikely，Since
thisarepeatedgame）．Kneller（1999b）estimatestherateofinfbrmaltranSfbrsinJapan
isaboutequaltotherateofformaltransfersintheU．S．，SuggeStlngthesystemis
reasonablysuccessfu1inmovlnguniversityinventionsinto且rmS．
Thus，althoughtheJapaneSeSyStemfortransfbrringIPfromuniversitiesto
industrymaybefbrmallymorecentralizedthantheAmericansysteminthesensethat
universityIPisvestedinthecentralgovemmentratherthantheuniversities，inpractice
JapanmaybelesscentralizedsinceitistypicallytheindividualprofessorthatcontroIs
theIft Thus，tOtheextentthattechnologytransfbrinJapaninvoIvesatransferofIn
SuChtranSfbrslargelyreflectinformalexchangesbetweenprofbssorsandfirms，While，
intheU．S．，SuChtranSferstypicallyentailsomefbrmal，COntraCtualrelationshipwiththe
universlty・10
10IntheU・S・，negOtiatlngthesecontractsisoftenasourceofvexationduetothecosts
anddelays（Eisenberg，2001，Walsh，etal．，2003）．haddition，VeryfewoftheseTTOs
generateaprofit，althoughtheoccasionalhomerunatOneumiversltyOran0therprovides
hopethatabigincomeisjustaroundthecomer（Owen－SmithandPowell，2001）．Also，
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OneproblemwiththeJapaneSeSyStemisthat，tOtheextentthatthefirmdoes
nothavecleantitletotheinvention，itcannotensureexclusivity．However，aSCohen，
etal．（2002b）haveshown，firmSaCrOSStheentiremanufacturingsectorinJapandonot
typicallyusetheirpatentstoexcludeothersfromuslngtheirIflbuttendtousethemas
bargalnlngChipstogalnaCCeSStOOtherfirms’technologleS．An0therlimitationofthis
meansoftransfemingIPfromuniversitiestoJapanese丘rmSisthatitforegoesan
“ams胃length”marketmechanismforallocatlnglnVentions，infavoruslngembedded
relationshipstosharetechnicalinfbrmation．However，Priorwork（Uzzi，1996，Murray
andPoolman，1982Hansen，1999）suggeststhatforcomplicatedtechnicalinfbrmation，
SuChembeddedtiesarethemosteffectivewaytoshareinformation．
AnadditionalfbrmOflinking丘rmStOuniversitiesisplacingresearchersin
universitylabs．AccordingtoAoki（1988），thismaybeanimportantmechanismfor
infbrmationflowsbetweenuniversitiesandfirmS，aSWellasamOngnrmS．University
labsactasthemediatorsfornegotiatingknowledgetranSftrs，nOtOnlybyhosting
Visitingresearchersfromindustry，butalsobyorganizingstudygroups（kenb｝uukai）that
CreatenetWOrksforinformationsharingamonguniversltyandindustryresearchers
（Hashimoto，1999，Pechter，2001）．11Thus，theJq）aneSeinstitutionalcontextcreatesa
SyStemOfmulti－Plex，infbrmaltiesbetweenfirmsanduniversltyPrOftssors．
RecentuniversityreformshaverelaxedsomeoftherestriCtionsoncommercial
activitybynationaluniversitiesandtheirprofessorsandattemptedtofbrmalizesomeof
thetranSaCtionsbetweenuniversitiesandnrmS．TheTbclm0logyTranSfbrLaw（1998）
allowedtheestablishmentofTbclm010gyLicensingOfnces（TLOs），independentof，but
a抗liatedwith，Particularuniversities．Therearecurrentlyover30TLOs，rePreSenting
nearlyallresearchuniversities．Universlty－OWnedinventionscanbelicensedthrough
theafnliatedTLO．And，PrOftssorscanvoluntarilyassigntheirindividual1y－OWned
inventionstotheTLO，althoughtheyarenotrequiredtodoso．Patentfeesfor
universitieswerealsoreduced．In1997，therestrictionspreventlngPrOfbssorsfrom
evenintheU．S．，PerSOnallinkagesbetweenfirmSandprofbssorsareanimportant
COmPOnentOfthetranSfbrprocess（Owen－SmithandPowell，2001）．
11RecentsurveydatasuggeststhatkenbnJukairankjustbehindmeetingsand
publicationsasthemechanismbywhich丘rmSanduniversitiesestablishtiesthatleadto
COOPerativeresearch（Baba，etal．，2003）．
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Startingbusinesses，OrbecomlngdirectorsoremployeesofprivatefirmSWererelaxed．
After1997，PrOfbssorscouldworkforcompaniespart－timeifthegoalistoconductor
guideR＆D（Odagiri，1999）．In2000，theNationalPublicServiceLawwasamendedto
allowprofessorsanduniversltyreSearCherstotakemanagementPOSitionsinuniverslty
StartuPSandtoJOinScientificAdvisoryBoardsoffbr－PrOfit丘rmS．InOctober，2002，
theauth0rityfbrapprovlngSuChoutsideactivitieswastranSferredfromtheNational
PersonnelAuthoritytothepresidentoftheprofbssor’suniversity．TheJapanese
Bayh－DoleAct（1999）madeiteasierfbrfirmStOgetlicensestoinventionsoriginating
fromstate－SPOnSOredresearch．OnApri11，2004，thenationaluniversitieswillbecome
independentlegalentities（SO－Called“agencincation”［ho材inka．Thisagencification
mayresultinslgnificantchangesinfunding，PerSOnnelsystemsandresearchpri0rities．
Forthisdiscussion，OneOfthemostslgnificantchangeSWillbethatagencificationwill
glVetheuniversitiesownershipoffacultyinventions，WhichwillmakethesystemofIP
OWnerShipclosertothatintheU．S．Anotherpolicylnltlativedesignedtoencourage
universlty－industrylinkageswasthe“HiranumaPlan”，initiatedbyMETIin2001．
ThisplanincludedagoalofestablishinglOOOuniversitystartupsinthreeyearS（aswell
assubsidiesdesignedtofosterthatgoal），SendingaclearSignaltouniversities．They
haveresponded，Withthenumberofstartupsincreaslngfrom26in1998to531in
Marchof2003（Matsumaru，2003）．12Universitieshavealsoreceivedavarietyof
Subsidiestoencourageteclmologytransftr．Thesechangesareinsharpcontrasttothe
Periodofthel960S，Whenstudentproteststargeteduniverslty－industrylinkages，leavlng
alegacyofsuspIClOnarOundsuchactivitiesthatstillcolorsthedebatestosomeextent
（Cf．Hashimoto，1999）．Infact，thislegacycontributestotheperceptionthatindustry
anduniversltyareandshouldbeseparateworldsandthatuniversitiesprovidelittleof
useto丘ms．
Co′甲dri〃g［加肺r∫砂一九血ぶり′上のbge∫加納eU£α〃dJ毎，α乃
Severalpriorstudieshavehighlightedthegrowlnglinkagesbetweenuniversities
andfirmsoverthelasttwodecadesinboththeU．S．andJapan（Narin，etal．1997，
12whiletheventurecapitalsectorinJapanmaynOtbeaslargeorasactiveasinthe
U．S．，itisagrowlngPreSenCeintheeconomy，andmanyOftheseuniversltyStartuPSare
fundedbyventurecapital．
13
胃223－
Cohen，eta1．，1998，Branscomb，etal．1999，Hicks，etal．2001）．However，POlicy
debatesfrequentlybeginbypointlngtOtherelativelypoorperformanCeOfJapanese
univeTSitiesonsuchindicatorsaspatents，1icensingandindustryfunding（See，for
example，Hashimoto，2003）．ForexamPle，Figurelgivesthepercentofuniversity
researchbudgetsthatcomefromindustry．Weseethatduringthe1980S，ineach
COuntry，therewasasubstantialincrease，Withgrowthlevelingoffsincethen．In
addition，WeSeethatthepercentageismuchhigherintheU．S．thaninJapan，With1999
figuresshowingtheU．S．atover7％andJapanatjustover2％．13　AswecanSeefrom
Thblel，Similarconclusionscanbedrawnwhenwecomparepatenting，university
licenses，1icenslngreVenue，etc．，allofwhichareslgnificantlygreaterintheU．S．thanin
Japan（Hashimoto，2003）．
However，reCentWOrkbyPechter，Odagiri，Hashimoto，Tamaiandothersall
SuggeStSthatthesemeasuresmaybebiasedinthedirectionofemphasizingthe
Americanstrengths．Forexample，Pechter（2000）showsthatindustry－university
CO－authorshipsaregrowlnginbothcountriesandthattheyareasstronginJapanaSin
theU．S．FurthermOre，hefindsthatitisnotpnmarilyU．S．universitiesthatarethe
PartnerSinthesecollaborations，butthatthevastmaJOrityofjointpublicationsare
CO－authoredwithdomesticinstitutions（Cf．Hicks，etal．2001）．Similarly，Hicks（1993）
findssubstantialuniverslty－industrylinksinJapanandthattheselinksarepnmarily
Withdomestic，ratherthanfbreignuniversities．
Yoshiharaand「hmai（1999）arguethatthedifferinginstitutionalcontexts
describedaboveproducesubstantiallydiffbrentnumbersofuniverslty－OWnedpatentsin
eachcountry，makingpatentcountsandlicenslngCOuntSbasedonuniversitypatentlnga
POOrmetricforcompanngtheinfluenceofuniversityresearchonindustry．Tbgive
OneeXamPle，theyreportthatin1996，Japaneseuniversitiesfiled90patentswiththe
JPO，WhilefacultyatJapaneSeuniversitiesfi1ed941applicationsasindividualsthat
Sameyear．Similarly，inthatsameyear，WhileUniversltyOfTbkyo丘ledonly3patents，
Tbkyo’senglneenngfacultywerelistedasinventorsonapproximately150patents，OVer
halfofwhichwerefiledbypriVatecompanies．
Thesestudiessuggesttheneedfbradditionalsourcesofdatathatallow
13However，Pechterprovidesrecomputationsofthisfundingdatathatsuggeststhatthe
gapismuchsmaller（Pechter，2001）．
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COmParisonsthataresensitivetothediffbrentinstitutionalcontextsinwhich
universlty－industrylinkagesareembeddedineachcountry．
3．Mcthod，data，andsamples
WhilemanyStudieshavetakenadvantageofbibliometricdataontheoutputsof
universltyandfirmreSearCh，SuChaspublicationsandpatents，tOdemonstrate
university－industrylinkages，WeSuggeStthatsupplementlngtheseindicatorswith
SurveydatathatreflecthowfirmSuSetheproductsofpublicresearch，andhowpublic
researchcomparestoothersourcesofinfbrmation，WOuldhighlighttheroleofpublic
researchalongabroaderrangeOfdimensionsandmayovercomesomeofthebiases
associatedwiththemorewidelyusedmetrics．InordertoanSWerthesequestions，We
useddatafromtheCamegieMellonandNISTEPsurveySOfIndustrialR＆D．Thedata
COmefromasurveyOfmanagersofR＆DumitsofmanufhcturingfirmsintheUSand
Japan・ResponseswerematchedtoeachR＆Dunit’sbcusindhtYythatrepresentedthe
bulkofitsR＆Deffbrt．14
Wherepossible，OurSurveySemPloyedobjectiveresponsescales，Whichtendto
bebothmoreinterpretableandmorereadilycomparedacroSsrespondents，Whichis
especiallyusefulforcomparisonsacrossnationswherelanguageandculturediffer．First
draftedinEnglish，thequestionnairewastranSlatedintoJapaneseandthen
independentlyback－tranSlatedintoEnglishtoaSsureaccuracy．Whilemostquestions
WereidenticalbetweenthetwosurveyS，aSmallnumberofquestionsdiffered．The
SurveySWeremailedduringthesummerof1994．BoththeAmericanandJapaneSe
teamSCOnductedfollow－uPmailingsandphonecallstoincreaseresponserates（Cf．
Dillman，1978）．
ThepopulationsampledintheU．S．includedallR＆DunitsbelonglngtOR＆D
PerfbrmlngmanufactunngfirmslocatedintheU．S．TheU．S．samplewasdrawnfroma
frameCOnSistlngOfeligiblelabsintheDirectoryofAmeriCanResearchandTbchnology
（Bowker，1994）or，ifnotincludedthere，1absattachedtofirmslistedinStandardand
Poor’sCOMPUSTATtapes．Wesurveyed32401abslocatedintheU．S．andreceived
14ByobtaininganSWerSforafirm，sactivitiesandexperienceinaglVenPrOductmarket
ratherthanthe firmaS a Whole，We reducethe measurement error associated with
differencesinconditionsacrosstheseveralindustriesinwhichafirmmightbeactive．
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1478responses，fbrarawresponserateof46％andanadjustedresponserateof54％of
theeligiblesample・15TheU・S・SurVeydataaresupplementedwithpublisheddataon
firmsalesandemployeesfromCOMPUSTAr，Dun＆Bradstreetandsimilarsources．
ThepopulationsampledinJ坤anincludedR＆Dperbrmlng，manufacturing且rmswith
CaPitalizationoverlbillionyen．Thesamplewasdrawnfromalistof1219firmS
amaSSedbyJapan’sScienceandTbchnologyAgency，Or71％ofthe1722firms
estimatedtomeetthepopulationde伝nition（GotoandNagata，1997）．Thedatainclude
responsesfrom643firms，yieldingaresponserateof52％．Inordertomakethetwo
nationalsamPlesascomparableaspossible，WereStrictedoursamPlestorespondents
fromfirmSWithannualsalesofUS＄50millionormore・16Foreign－OWnedlabswere
alsodroppedinordernottoconfuseourcross－nationalcomparisons．
hthistruncatedsample，thereare8260bservations丘omtheUSand593from
Japan．BecausethetwonationalsamPlescanCOntainverydifferentnumbersof
ObservationsforaglVenindustry，WeCOnStruCtedweightsthatcorrectforthediffbrences
inindustrymixineachcountry，andusetheseweightswhencomparingnational
aggregateresultsinordertoruleoutthepossibilitythatcountrydifEbrencesaredueto
Variationsinindustrymix．FurthermOre，WeWeightedtheaveragesbythelogof
businessunitR＆Demployees，inordertobetterrepresenttheoverallcountry
averages・17whenwemakecomparisonsbetweenthesecountryaverages，WeuSe
Weightedlogisticregressions．ForcomparisonsacrosssurveyltemaVerageSWithina
COuntry，WeuSePairedt－teStSOrnOn－parametrictests（AgrestiandAgresti，1979）．
PresentlngSummaryStatisticson丘rmandbusinessunitsizesfbrthetwo
SamPles，1hble4showsthattheU．S．SamPlecontainssubstantiallylarger丘rmS，though
thebusinessunits（reflectingfirms’activitiesinagivenmarket）aremorecomparablein
Size．Consistentwithpublicsources，OurdataindicatethatJapaneSefirmsspendmore
15Anonrespondentsurveyfoundthat28％ofthenonrespondentsintheUSwerenotin
thetargetpopulation（forexample，theydidnomanufacturing）・Aftercorrectingthe
SamPlesizeaccordinglyforineligiblecases，theUSresponseratewasadjustedupward
to54％．
16AnanalysisofthefullsamplefromtheU・S・SurveyPrOVidesresultsthatare
qualitatiVelysimilartothoseprovidedhere（SeeCohen，NelsonandWalsh，2002a）t
17BecauseoursamPlescontainsomeverylargefirmS，theseoutliersoverwhelma
Simpleweightedaverage・UsingthelogofbusinessunitR＆Demployeesastheweight
PrOVidesabalanCebetweentheneedtogivethelargerfirmSmOreimpactonthe
nationalaveragesandtheneedtoreducetheimpactofextremevalues．
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OnR＆DrelativetosalesthancomparableU．S．firmS．Foroursample，thecomparison
meansforown一丘nanCedbusinessunitR＆Dexpendituresdividedbyworldwidesales
are2．26％fortheU．S．and3．70％forJapan（t＝6．89，P＜0．0001）．180ursurveydata
SuggeStthattheoverallJapanesesampleR＆DintensltyeXCeedsthatoftheU・S・largely
because，inindustriesthatarelowonR＆Dintensity（i．e．，＜2％intheU．S．），theJapaneSe
R＆Dintensitiestendtobeconsiderablyhigher．Incontrast，inthemostR＆Dintensive
industriessuchasdrugSOrSemiconductors，theaverageU．S．andJapaneseR＆D
intensitiestendtobecomparable・19
4．MeasuringtheimpactofpublicresearchonindustrialR＆D
WebeginbyestimatingtherelativeeffectsofpublicresearchonindustrialR＆D
ineachcountry．OursurveySPrOVideseveralmeasuresoftheimpactofuniversities
andpublicresearchinstitutionsonindustrialresearchanddevelopment・Wefocuson
thefbllowlngmeaSureS：WhetherpublicresearchsuggestednewproJeCtSand／or
COntributedtopr（刀eCtCOmPletion；howfrequently丘rmSreCeiveusefultechnical
informationfromdomesticpublicresearchinstitutionsandthoseoverseas；andwhat
PerCentOfR＆Dprq）eCtSmakeuseofpublicresearch・
First，WeaSkedfirmSWhetherpublicsuggestednewprQjectsoverthelastthree
years・Wealsoaskedifpublicresearchcontributedtothecompletionofexistlng
prqJeCtSOVerthelastthreeyears・20　Forthesetwoitems，Wealsoaskedthesame
questionwithrespecttoseveral0therpotentialsourcesofinformation，including
CuStOmerS，COmPetitors，thenrm’sownmanufactunngoperations，amliatedsuppliers，
independentsuppliers，etc．TheseitemsallowustotesttherelativeimportanCeOf
180ursamPledataexcludesoutliers，dennedasbusinessunitswithR＆Dintensities
＞100％ormorethanthreeinterquartilerangesfromthemedian．
19publicdatashowthatoverthelastlOyears，Japanhasconsistentlyspentmoreon
R＆DasapercentofGDPthanhastheUS．Overthelast5years，theJapaneSeaVerage
hasbeenbetween2．77and3．01％．Duringthissameperiod，theUSaveragehasbeen
between2．48and2．63％（NationalScienceFoundation，2002）．Ifweincludeonly
non－defenseR＆D，thegapISeVenlarger．Webelieveouraggregateresultsexceedthe
PublicdatalargelybecausewesamPledonlyR＆D－PerformlngfirmS・
20htheU・S・，WeaSkedaboutuniversitiesandgovemmentresearChlabs・InJapan，
Wehadtwoitems，Oneforuniversitiesandonefbrgovemmentresearchlabs．We
COmbinedtheseintoasinglemeasure，Withrespondentswhogavea“yes”responseto
eitheritemcodedas“yes”onthismeasure．
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Publicresearchcomparedtoothersourcesofinfbrmation・Theresultsareinthetop
rowsofFigure3・ThedarkbarsrepresenttheJapanreSPOndentsandthelightbarsare
thosefromtheU・S・Thefirstitemisthe（Weighted）percentofrespondentswhoreport
thatpublicresearchsuggestednewprq］eCtS・OverhalfofthenrmSinJapansaid“yes”
tothisitem，andabout40％ofAmeriCannrmSalsosaidthatpublicresearchsuggested
Pr（刀eCtS．Intermsofprqjectcompletion，53％ofJapaneSefirmSand46％ofU．S．firmS
reportthatpublicresearChcontributedtothecompletionofexistingprQJeCtS．
Companngthesesummarystatisticssuggeststwoconclusions．First，the
Japanesefirm声SCOrehigherthantheAmeriCanfirmsonbothitems（P＜．0001）．Second，
PublicresearchisatleastasimportantforhelpingtocompleteprqJeCtSaSitisfor
SuggeStingnewprQjeCtS．Thisresultsuggeststhatrelationshipbetweenpublicresearch
andindustrialR＆DinJapan，aSintheU．S．，aPPearStOreflectafeedbackmodel．
Ifwecomparepublicresearchwith0therinfbrmationsourcesonthesemeasures
（Figures5and6，discussedbelow），We且ndthatfortheU．S．，Publicresearchranks
belowcustomers，manufactunngorsuppliers，butaboutthesameaSCOmPetitors，in
termSOfsuggestingnewprQjects（Cohen，etal，2002a）．Intermsofitscontributionto
PrOJeCtCOmPletion，Publicresearchagalnranksbelowinfbrmationfromcustomers，OWn
manufacturingandsuppliers，butrankabovecompetitors．ForsuggestlngneWPr（刀eCtS
toJapaneSefirmS，PublicresearChranksbelowcustomers（themostimportantSOurCein
bothcountries），butaboutthesameasownmanufacturingandcompetitorsandaheadof
SuPPliers・Forcontributingtoprqectcompletion，JapanesefirmSrankpublicresearch
belowcustomersandmanufacturing，aboutthesameascompetitorsandaheadof
SuPPliers．Thus，inbothcountries，Wefindthatpublicresearchisnotasimportantas
CuStOmerSaSaSOurCeOfinformation，nOr，generally，aSimportantasa伍rm’sown
manufacturingunitor（intheU．S．）itssuppliers．However，itisapproximatelyas
importantascompetitorsasasourceofinfbrmation（andmoreimportantthansuppliers
inJapan）・Sincepriorworkhasshownthat“intraindustryR＆Dspillovers，”roughly
equivalenttoournotionofinformationfromcompetitors，COntributedsigni伝cantlyto
teclmicaladvanceandproductivitygrowthwithinindustries（BemsteinandNadiri，1989，
Griliches，1992），Onemightinfbrthatpublicresearchalsomakesasignificant
COntributiontoindustrialR＆D．
TbprobefurthertherelationbetweenpublicresearchandindustrialR＆D，We
askedfirmshowfrequentlytheyreceivedusefultechmiCalinfbrmationfrompublic
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researchinstitutionsintheirowncountry，andalsointheothercountry（i．e．，WeaSked
U．S．firmSaboutJapanandJapanesefirmSabouttheU．S．）．Thisitemallowsusto
COnSiderwhethernationalproximltyaffectstheemploymentofthepublicresearch，Or
Whether，forexample，itismainlyAmericanpublicresearchthatcontributestotechnical
advanceinbothJapanandtheU．S．Tbsummarizethesedata，WeCalculatethepercentof
respondentswhoreportrecelVlnginfbrmationatleastmonthly．Themiddlepartof
Figure3givesthesummarystatistics．InJapan，almosthalfofrespondentsreport
receivingusefultechnicalinfbrmationatleastonceamonthfromdomestic（i．e．，
JapaneSe）universitiesandgovemmentresearChinstitutions．TheanalogousU．S．
figureisabout39％（countrydifferencesignifiCant，P＜．0001）．IntermSOfreceiving
informationfrompublicresearchinstitutionsintheothercountry，about16％of
JapaneSefirmSrePOrtreCelVlnginformationatleastmonthlyfromAmericaninstitutions，
While7％ofAmeriCan丘rmSrePOrtreCelVlnginfbrmationatleastmonthlyfrom
Japaneseinstitutions（countrydifferencesignificant，P＜．0001）．Thus，WeCanSeethatit
ispnmarilydomestiCuniversitiesandpublicresearchinstitutionsthatarethekeysource
Oftechnicalinfbrmation（domestic－OVerSeaSCOmParisonsignificant，P＜．0001）．In
Particular，WhileJapaneSefirmsrelymoreonAmeriCaninstitutionsthanAmeriCanfirmS
relyonJapaneseinstitutions，JapaneSefirmSrelyevenmoreheavilyonJapaneSe
institutions（Cf．IwasaandOdagiri，2002）．TheseresultsechoPechter’sfindingsthat
JapanesefirmSCOllaborateprimarilywithJapaneSeuniversities．Narinetal．（1997）also
findthat，amOngaSetOfU．S．patents，firmSCitepapersonglnatlngPredominantlyfrom
theirhomecountryinstitutions．JapanesepatentsciteJapaneseuniversitiesabout4
timesmorethantheyciteAmeriCanuniversities，althoughtheyalsociteAmeriCan
papersatarateslightlyabovel・0・21
Finally，WeaSkedfirmSWhatpercentoftheirR＆Dprqjectsmakeuseofpublic
research．Here，We丘ndlittlediffbrencebetweencountries，Withbothreportingalittle
under20％ofprq）eCtS．Wealsoaskedwhatpercentofpr（弓ectsmadeuseofprototypes
OrOfnewinstrumentSandtechniques（notshown）．Forprototypes，thepercentages
Were5％intheU．S．and7％inJapan．NewinstrumentSandteclmiqueswereusedby
12％ofprqjectsineachcountry．Theseresults，Whichputanumericestimateonthe
21Interestingly，JapaneSePublicationsarealsoovercitedbyFrenchandGermany
PatenterS（althoughundercitedbyAmeriCanPatenterS）．
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impact，SuggeStthatinbothcountries，Publicresearchprovidesusefulinformationfbra
Slgni丘Cantfractionofindustrialresearch・Onthesemeasures，WenndJapanSCOreS
aboutthesameastheU．S．
5．WhatFieldsHavetheMostInpactonIndustrialR＆D？
BuildingontheworkoftheearlierYdesurvey（Klevorick，etal．，1995）andour
analysisoftheU・S・data（Cohen，etal・，2002a），WeeXaminedfirmS’evaluations，by
field，OftheimportancetotheirR＆D（usingafour－POintLikertscale）ofpublicresearch
COnductedoverthelastlOyearsfbreachoftenfields：biology，Chemistry，Physics，
mathematics，medicalandhealthscience，materialsscience，Chemicalenglneenng，
electriCalenglneenng，meChanicalenglneenngandcomputerscience．
Tbsummarizethedata，WeCalculatedthepercentofrespondentsinanindustry
Whoreportthatagiven丘eldwasatleastmoderatelyimportant（“3”orgreateronthe
fourpointscale）．Wethenexaminethesesummarydatatoidentify，foreachindustry，
thefieldswhereatleasthalfoftherespondentsinacountryreportthe丘eldtobeatleast
moderatelyimportant．Tbbegin，We且ndthatthemostgenerallyusefu1丘eldis
materialsscience．FortheU．S．SamPle，in160fthe29industries，atleasthalfof
respondentsreportthefieldofmaterialssciencetobeatleastmoderatelyimportantfor
theirR＆D．InJapan，thefigureisl80f29industries．Thus，tOtheextentthereisa
“generalpurpose”伝eldofpublicresearChthatislinkedtoindustrialR＆D，materials
SCiencefitsthatdescription．Chemistryisalsowidelyapplicable，With13industriesin
theU．S．and12inJapanShowlngChemistryasbeingatleastmoderatelyimportantfbr
themaJOrityofnrmS．Beyondthesetwofields，Wefindthattheotherfieldsaremore
narrowlyapplicable，insomewhatexpectedways．Forexample，inbothcountries，
biologylSimportantfbrthedrugindustry，With72％intheU．Sand83％inJapan
SCOringbiologyatleastmoderatelyimportant．Theappliedfieldsaresomewhatmore
broadlyapplicable，rePlicatingthefindingsfromKlevorick，etal．（1995）．
Tbfurtherestimatetheoveral1impactofpublicresearchonindustrialR＆D，We
CalculatedthenumberofindustriesforwhichatleastoneneldisrelevanttOthe
maJOntyOf丘rmS．Usingthismeasure，WeCanSeehowwidespreadtheeffectsof
Publicresearchare・htheU．S．250f29industriesreportatleastone丘eldbeing
moderatelyimportantforthemaJOrityoffirms．ForJapan，thefigureis280f29，agaln
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SuggeStlngthatpublicresearchhasatleastasgreatanimpactinJapan・
6．AccessingPublicResearCh
NextweaddressthemechanismsbywhichnrmSgalnaCCeSStOPublicresearch
results．Weaskedourrespondentstheimportancetoarecentlycompleted“maJOr”
R＆DprqjectofeachoflOpossiblesources（orchannels）ofinfbrmationontheR＆D
activitiesofuniversitiesorgovernmentR＆Dlabsorinstitutes．Theinformation
sourcesconsideredincludepatents，Publicationsandreports，informalinfbrmation
exchange，Publicmeetingsandconferences，reCentlyhiredgraduates，licenses，JOlntOr
COOPerativeventures，COntraCtreSearCh，COnSulting，andtemporarypersonnelexchangeS・
Figure4showsthepercentofrespondentsineachcountrythatrateaglVen
sourceasmoderatelyimportantorhigher（“3”ormoreonthefburpointscale）・We
canSeethatthetwomostimportantsourcesarepublicationsandmeetlngS・These
Hpublicのsourceswereemphasizedbyabout40％oftheAmericanrespondents，and
aboutthree－quarterSOfJapaneSereSPOndents・IntheU・S・，COnSultingandinformal
interactionalsoscorehigh（about40％sayingtheseareatleastmoderatelyimportant）・
InJapan，PatentS，infbrmalinteraction，Zmdcontractresearchscorehigh，Withoverhalf
highlightingthesemechanisms・
ThehighscoreofpatentsinJapandeserveSSOmeCOmment・Priorresearch
usingthesesamesurveySShowsthatforJapaneseindustrialresearchers，PatentSarethe
mostimportantSOurCeOftechnicalinformationonrivals’R＆D（Cohen，etal・，2002b）・
AIso，aSnOtedabove，WhileuniversitiesownrelativelyfewpatentsinJapanCOmPared
totheU・S・，PrOfessorsatJapaneseuniversitiesarefrequentlyidentifiedastheinventors
onpatentsthatareappliedforbyfirmS，andthesepatentsmaybeseenasasourceof
infbrmationaboutpublicresearch．ForJapaneseindustrialresearchers，Patent
documentsaretreatedlikeausefu1，Widelyreadjoumal．FirmS’englneerSregularly
COmbthroughthepatentpublicationslookingforusableinfbrmation，andhencewill
finduniversity，basedinventionsthroughthischannel，muChastheywouldfromreading
JOumalarticles・Thus，itisnotsurprisingthatpatentsscorehighlyinJapanaSan
importantSOurCeOfinfbrmationaboutpublic，aSWellasindustrial，reSearChfindings・
Intermsofcountrydifferences，nearlyallmechanismsoverallscoremorehighly
inJq）anthanintheU．S．（COuntrydifferencessignificant，P＜・050rSmaller）・The
exceptl0nSarereCentlyhiredteclmicalpersonnelandconsulting・Thefirstis
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COnSistentwiththelowerlateralmobilityinJapancomparedtotheU．S．，relatedtothe
SO－Calledlifb－timeemploymentsystem（whichhasbeenweakeninglately）．The
SeCOndisnotsurprising，aSPrOfessorsatthenationaluniversities（Whichaccountforthe
bulkofresearch）were，untilrecently，quiteconstrainedintheirabilitytoconsult．22
But，eVenWiththeseconstraints，Japanese且rmSrateuniversltyandgovemment
research，Particularlythatwhichflowsthroughthechannelsofopenscience（SuChas
Publicationsandconfbrences），aSmOreimportantthandoAmericanfirmS，again
SuggeStlngthatthelinkagesareatleastasstronginJapanastheyareintheU．S．
Ifwenowtumtomoreformallinkages，Wefindthatinbothcountries，licenses
SCOrequitelowasamechanismfortranSmittlnginformationfrompublicresearch
institutions．IntheU．S．，OnlylO％ofrespondentsreportthatlicensesareatleast
22Asnotedabove，PrOfessorsinthenationaluniversitieswereseverelyrestrictedin
theirabilitytodopaidconsultinguntilfairlyrecently（Nishizawa，2002）．And，eVen
unpaidconsultingwaslimitedintermSOfhoursperweek（basically，OutSidethe
SCheduledworkweek）．ThefollowingQ＆AontheMEXTwebpagehighlightsthese
restrictions．
Q＆AonPartnershipBetweenUniversitiesandhdustry
Q：lsitpossibletoreceiveregulartechnicalguidancefromProftssors？
A：Youcanreceiveteclmicalguidanceandcounselingonresearchanddevelopmentfromumiverslty
PrOfessorsatcertainperiod．Inthisregardhowever，Pleasenotethefbllowlng：
1．Consultationislimitedtonon－WOrkinghoursoftheproftssorandmustnotinterftrewiththeprofbssor’S
normalduties．
2．ProfessorsmustgothroughascreenlngCOmmittee，andobtainapprovalforbeinglnVOIvedinanother
lineofwork．
3．Remunerationisrestrictedtoasociallyacceptablelevel．
Q：lwouldliketoprovidesomeformofremunerationtotheprofbssorwhohelpedus．
A．Sinceaprofessorisconductingresearchinauniverslty，aformofcivilservice，itisunnecessaryto
Showappreciationindividually（allowancefortheservice，etc．）．
Anyprofessorwhoisapublico庁icialandacceptstheallowanceorgiftsforworkfromanyorganization
OtherthanthecentralgovernmentmaybeliabletoprosecutionfbrcorruPtlOnandbribery，alongwiththe
PartyWhichmadesaidprovisionofmoneyorgifts．
However，thereisnoparticularproblemwith1．profitmadebytheindividualprofessorfromselling
properties（e．g．，apatentattributedtotheindividualprofessorapprovedbyanInventionCommittee），2．
fbesforpublicationandlectures，and3．remunerationincaseswheretheindividualhaspemissiontobe
invoIvedinanotherlineofwork．Furthermore，aPrOgramforGrantsandEndowmentsisinplacefor
donationstoeducationandresearchandnationaluniversities．Itisalsopossibletoprovidecontributions
toparticularprofessorsandresearch，butthesemustbereceivedandexpensedthroughthecentral
govemment’saccountlngSyStem．
（址＠竺塑型生胆血垣盛垂蜃堅週塑型坐些些塑建些［typographicalerrorscorrected］）
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moderatelyimportant，SeCOndfromthebottomandaheadofonlypersonnelexchanges・
InJapan，28％offirmSrePOrtlicensesasusefu1，aheadofonlypersonnelexchangeSand
recenthires．Inaddition，intheU．S．，thenextleastpopularsourceispatents，Withonly
20％sconngpatentsasatleastmoderatelyimportant・PatentsdobetterinJapan，forthe
reasonssuggestedabove．Theseresultssuggestthatthe“archetypICal”technology
tranSfermodelintheU．S．，OfauniversltyPatentlngaPrOfessor’sinventionandthen
licenslngittoahrm，maybemuchlesscentralintheuniverslty－industryrelationship
thanthemoreconventionalmethodsofdisseminatlnguniversityresearChresults，SuCh
aspapers，meetings，andpersonalcontactbetweenresearchers（SeealsoAgrawaland
Henderson，2002）．23
7．IndustryDi胝rencesintheImportanceofPublicResearch
InadditiontocompanngoverallmeanSaCrOSSCOuntries，Wealsolookedat
industrybyindustryscorestoseewhichindustriesscoredparticularlyhighintermSOf
theimpactofpublicresearch，andwhetherthisvariedbycountry・
Ourmainfindingisthat，inbothcountries，thedrugindustrystandsoutasthe
mostcloselylinkedtopublicresearch・Tbconsidertheindustry－byindustryeffects，
WeCOnSideredallofourimpactvariables，includingthedegreetowhichpublicresearch
SuggeStSneWPr（リeCtS，COntributestoproJeCtCOmPletion，firmSuSefindingsfrom
domesticaswellasothernationalpublicresearchinstitutions，PerCentOfR＆DprqJeCtS
usingpublicresearch，and”maxsci”（thehighestrelevanCeSCOreaCrOSSeleven伝eldsof
SCienceandengineering）．Acrossallourmeasures，thedrugindustrywasinthetop
quartileofindustriesinbothcountries，andscoredeitherfirstorsecondontwoofthese
230fcourse，thelowscoreoflicensesand（intheU．S．）patentsmaybeduetofirmS
makingadistinctionbetweenthechannelsofinformationflowandtheimportanCeOf
thesesourcesforacquiringthetechnology（thoughlicenses）・However，Webelieve
thatthisitemmaybeausefulmeasureoftheoverallimpactoflicenses，nOtjusttheir
infbrmationalValue．OnepleCeOfevidencesupportlngthisinterpretationisthevery
highscoreforlicensesandpatentsinthedrugindustryinbothcountries・Inthedrug
industryintheU．S．，70％ofrespondentsreportpatentstobeatleastmoderately
important（industrydifftrencesignificant，P＜．0001）・Similarly，42％ofAmerican
respondentsreportthatlicensesareatleastmoderatelyimportant（industrydiffbrence
Significant，P＜．0001）．JapaneSedrugfirmSalsoreporthighscoresfbrpatents（83％）and
licenses（71％）．
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intheUS（COntaCtWithdomesticpublicresearchinstitutionsandmaxsci）andallsixin
Japan．Beyondthedrugindustry，Wealsolookedatotherindustriesthatconsistently
rankedinthetopquartileofindustriesineachcountry．FortheU．S．wefoundthat
COmmunicationsequlPmentSCOredinthetopquartileonnveofourmeasures．
Car／truCkandpetroleumrankedhighlyonfourmeasures，Whilesemiconductorsand
mineralproductsrankedinthetopquartileonthreeofthemeasures．ForJ叩an，
medicalequlPmentrankedinthetopquartileonallsixitems．Semiconductors；
motors／generators；COmPuterS；COnCrete，Cement，Ceramics；andchemicalS（nec）each
rankedinthetopquartileonthreemeasures・Whilehigh－teChindustriessuchasdrugS
andsemiconductorsappeartobecloselytiedtopublicresearchineachcountry，Wealso
findmatureindustriessuchasautomobilesandmotors／generatorsamOngthosemost
dependentonpublicresearch．
Wealsoexaminedindustrybyindustryexceptionsintheoverallpattemof
J叩aneSefirmsratlnguniversitiesatleastashighlyasdidAmericanfirms．Usingour
fivemeasuresfromFigure2，WeCOmparedindustrybyindustryacrossthetwocountries．
The丘rstfindingisthat，incontrasttoourearlierresearchoninformationspilloversin
theJapanandtheU．S．wherewefbundthatthegreaterinter胃firmSPilloversoverallin
JapanWerelargelyreplicatedintheindusはy－by－industrycomparison（Cohen，eta1．，
2002b），inthecaseofuniversity－industrylinks，Wefindmuchmorevariationinwhich
COuntryranksontopintheindustry－by－industrycomparisons．Ofthe29industries，the
U．S．isgreaterthanJapaninthreeindustriesfbrsuggestnewprq］eCtS，tenfor
COntributingtoprq］eCtCOmPletion，tenforfrequencyofcontactwithdomestic
universities，eightfbrtheothercountry’Suniversities，andtwelveforpercentofprqjects
uslngPublicresearch・TheindustrieswheretheU・S・firmsseemtohaveslgnificantly
StrOngertiesthantheJapaneSeareCOmmunicationsequipment（wheretheU．S．ishigher
Onal1fivemeasures，includingfrequencyofcontactwiththeothercountry’spublic
research）andcar／truCk（WheretheU．S．ishigheronallbutfrequencyofcontactwiththe
Othercountry）・Inaddition，WeSeethatinbothdrugSandmedicalequipment，Japanese
firmsratepublicresearchsubstantial1yhigherthandoAmericanfirmS．Furthermore，in
thesetwoindustries，frequencyofcontactwithAmericanuniversitiesissubstantially
abovetheJapanaVerage，SuggeStingthattheseareindustriesthataredrawlngmOSt
heavilyonAmeriCanreSearCh（aswellasdrawingwellaboveaverageonJapaneSe
Publicresearch）．Incomputers，JapaneSefimsalsoseemsignificantlyclosertopublic
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researchthanareAmeriCanfirmS，andagain，aredrawingheavilyonAmerican（aswell
asdomestiC）publicresearch．
8．Explaimingthegap：WhydoJapanesefirmsmakegreateruseofpublic
research？
OursimpledescriptiveresultssuggestthatJapanesenrmsmakeatleastasgreat，
ifnotgreater，uSeOfpublicresearchasAmericanfirmS，althoughinsomeindustries，the
Patteminreversed．Indeed，Wefindthat，forfburofourfivemeasuresofimpact（see
discussionaboveandFigure3），JapaneSenrmsappeartomakegreateruseofpublic
researchthanAmericanfirms．Recallthattheaggregatedescnptivefindingswere
COmPutedwithR＆Dweights．Iftheseweightsaredropped，andwecompute
unweightedsimpleaverages，thediffbrenceinfavorofgreaterintensltyOfuseofpublic
researchamongJapaneSefirmSincreases，and，fbrtheonemeasure（％ofR＆Dprojects）
WhereU．S．firmSCameOutaheadwiththeweighteddata，theJapanesefirmsnowappear
todominateslightly．Moreover，ifwerunalogit（OrOrderedlogit）forourkeythree
measures（SeeTables6athrough6C，discussedbelow）andcontrolforfirmSize，We且nd
thecoefncientonadummyvariablerepresentlngJapaneSefirmStObepositiveand
Slgnificant，SuggeStlngthatJapaneSefirmSmakesignificantlygreateruseofpublic
researchthanU．S．firmS
Buildingonpnorworkonthefactorsassociatedwithstronger
university－industrylinkages（SantoroandGopalakrishnan，2001）andoncountry
diffbrencesinfirmOrganization（Lynn，2002，Clark，ChewandFujimoto，1987），We
PrOVidesomepreliminaryresultsonthequestionofwhatorganizationaland
institutionalfactorsmightexplainthestrongerlinksbetweenfirmsandpublicresearch
inJapan．
OnepossibleexplanationisthatJapaneSefirmSareSimplymoreaggressive
aboutaccesslngOutSideinformationfromanySOurCe．Whilethistheoryhassome
SuPPOrterS（SeeLynn，2002，forreview），Ourdatasuggestthatthisisnotthecase．As
reportedinCohen，etal．（2002b），JapaneSeR＆Dpersonneldonotspendsubstantially
moretimemonitoringextramuraltechnicalinformation（12．2％ofR＆Demployees’
timeinJ坤anVerSuSll．7％intheU．S．），nOrdotheyspendmoreonadvancedtraining
OftheirR＆Dpersonnel（6．9％inJapanversus8．3％intheU．S．）．Inaddition，While
JapaneSe伍rmsobtainmoreinfbrmationfromriValsandfrompublicresearch，theydo
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notunifbrmlyreportgreateraccesstoextramuralsources．Figures5and6givethe
COuntryaVerageSaCrOSSaVarietyofsourcesofinfbrmation，includingfirmS’own
manufactunngunits，CuStOmerS，independentsuppliers，JOlntVentureS，COnSultants，aS
Wellascompetitorsandpublicresearch．IntermSOfsuggestlngneWPrOJeCtS，JapaneSe
firmSdomakegreateruseofcompetitorsandpublicresearch．However，AmeriCan
firmSrePOrtgreateruSeOfcustomers，theirownmanufactunngunits，jolntVentureS，
independentsuppliersandconsultants．IntermsofcontributingtoproJeCtCOmPletion，
JapanesefirmSmakegreateruseofcustomers，Publicresearch，andcompetitors，While
AmeriCanfirmsmakegreateruseofconsultantS，JOintventures，independentsuppliers，
andtheirownmanufactunngunits．Thus，thereisnoconsistentpattemofcountry
diffbrencesacrossinformationsources．Thus，Werdectthehypothesisthatitisageneral
PrOpenSltytOaCCeSSOutSideinformationthatexplainsthecountrydifferencesinuseof
informationfrompublicresearch．Wethereforeprobeotherfactorsthatmightexplain
thedifference．
BasedonsurveySOfEngineenngResearchCentersandotheruniversity－industry
COOPerativeresearchcentersintheU．S．，andtheirpartnerfirmS，Santoroand
Gopalakrishnan（2001）findseveralfactorsthatareassociatedwithstronger
universlty－industryties．TheseincludetruSt，geOgraPhicproximlty，andflexibilityof
universitylPRpolicies・Thesefindingssuggestthatoneexplanationfortheobserved
COuntrydifferencesisthatJapanesefirmSare，OnaVerage，betterpositionedwithrespect
tothesefactors．Forexample，itislikelythatindustrialenglneerSare，OnaVerage，
geographicallyclosertothesiteofpublic，andespeciallyuniversltyreSearChinJapan
thanintheU．S．Japan’stwomainmetropolitanareas，Kanto（Tbkyo－1bkohama）and
KanSai（Osaka－Kyoto）contain50fthetoplOresearchuniversities，aCCOuntfbrover
30％oftotalfuhdedresearch．ThesetwocitiesarealsowherethebulkofJapan’s
industrialR＆Dhbsarelocated．hcontrast，in1993，0nlyonestateintheU．S．contains
morethanoneofthetoplOresearchuniversities，andthatstate，Califomia，isaboutthe
SameSizeasallofJapan，WhileitsfourmaJOrreSearChuniversitiesaccountedforless
than8％oftotaluniversityR＆D．
An0therpossibleexplanationfbrthesedifferencesisthatindustrialenglneerSin
JapanarebetterpositionedtotakeadvantageOfabroaderrangeOfpublicresearch
resultsbecauseoftheirmoregeneraltraining．Lynn（2002）reviewstheliteratureon
OrganizationaldiffbrencesinenglneennginJapanandtheU．S．andfindsthatone
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importantdifferenceisthatJapaneseenglneerShavebroaderandmoregeneraltralnlng
（Cf．Clark，ChewandFujimoto，1987）．Regularjobrotationisoneimportant
COntributortothistraining（SeealsoShapira，1995）．Onetypeofrotationisplacing
mid－CareerenglneerSinauniversltylab，Whichispnmarilydesignedtogivethe
englneereXPOSuretOCurrentreSearChresultsandtechniques，inadditiontoexecutlnga
Particularresearchprqject（Aoki，1988）．Anotherinterpretationofthesesame
PraCticesisthattheyproduceenglneerSthataremoregeneralistandhencemore
dependentonuniversitiesfbrtechnicalknowledgethanaretheirmorespecialized
Americancounterparts．
U．S．andJapaneSe丘rmSmayalsodifferintheextenttowhichtheyengagein
basicresearch．BasicresearchmaycontributetoabsorptlVeCaPaCitypermittingmore
effectiveconsumptionofpublicresearch（CohenandLevinthal，1989）．FirmS’basic
researchmayalsomoreeasilybeintegratedwithpublicresearch，allowlngjoint
research，Oratleastsharedconversationsaboutrelatedresearch．
Oursurveyprovidesseveralitemsmeasunngthevariousorganizational
CharacteristicsandpracticesdesignedtofacilitateinfbrmationflowstotheR＆Dlab
（SeeTable5）．Tbtheextentthatbasicresearchaugmentsafirm’sabsorptivecapacity
（CohenandLevinthal，1989），eSPeCiallywithrespecttothelessappliedresearchthat
OnglnateSfrompublicresearchinstitutions，JapanesefirmSmayWellhavehigher
absorptlVeCaPaCity．Duringoursampleperiod，WefindthatJapanesefirmSengagein
morebasicresearch（8．5％ofR＆D）thandoAmeriCanfirmS（5．2％）．24　wealsofind
thatAmeriCanenglneerSaremOrelikelytohavetralnlngintheacademicfieldthatis
mostcloselyalliedwiththeircurrentR＆Dunit’sresearchfbcus．Weinterpretthisasa
measureofhowspecializedenglneerSareinafirm．Onaverage，44％ofR＆Dpersonnel
inanAmeriCan且rmaretrainedinthis“mostimportantfield”，Whileonly26％of
Japanesecomefromthisfield．Similarly，likeearlierstudies（Shapira，1995），Wennd
thatjobrotationismuchmorecommoninJapan（75％offirms）thanintheU．S．（60％），
furthersuggestlngthatJapaneseenglneerSaremOrebroadlytrained・25Itisnotclear
24NationalR＆DstatisticsfromthetimeofthesurveyShowasimilarcountry
difference，WithJapanreportlng7％industrialresearchdevotedtobasicresearchand
theU．S．reporting4％（NISTEP，1995）
25However，Shapira（1995）notesthatAmeriCanengineershavebroaderexperience，On
average，thandoJq）aneSeenglneerS，inpartbecauseAmeriCanSaremOrelikelytohave
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Whethergreaterspecializationwouldincreasetheimpactofpublicresearch（becauseof
greaterfamiliantywiththeoutputsof，forexamPle，universltyreSearChersinthat
SPeCialty），OrWOulddecreasetheimpact，if，forexamPle，engineersneedtobeの1eto
integrateinfbrmationfromavarietyofsourcesinordertosuccessfullyincorporate
Publicresearchfindingsintotheircurrentprq）eCtS．Asameasureofproximlty，We
CO11ecteddataonR＆Dexpenditures，by鋭eldandbyregion（StateintheU．S．，Prefbcture
inJapan）．WethenusedourestimatesoftheimportanCeOfvariousfieldsforthelabs’
researchtoweightthefieldleveldataandcomeupwithanindexoflocaluniversity
researchinHrelevantHfields・26　wealsohaveameasureoftimespentinmonitonng
andinformationgathering，Whichcanbeseenasanothermeasureofinvestmentin
absorptlVeCaPaCity・27
Asnotedabove，Wealsohaveameasureofthechannelsthroughwhich伝rms
accessuniversltyreSearCh・Wefocusonfourchannels・28sincepublicationsand
reportsareakeyoutputofuniversitiesandgovemmentresearchinstitutions，themost
importantChannelfbraccessingpublicresearch（seeabove），andlessgeogr叩hically
COnStrainedthanothermechanisms，Weincludedrelianceonpublicationsasonechannel，
whichwecanthinkofrepresentlngHpublicscienceH・29　wealsoincludeaccesslng
Publicresearchthroughinfbrmalinteraction，inpartbecausewesuspectthatJapaneSe
nrmSmayhaveclosertiestoprofessors，forexample，throughstudygroups
（kenb；uukaO，OrmOregenerally，duetogreaterproximity・Wealsoincludecontract
workedatotherfunctionsatadiffbrentfirm．
26FortheU・S・，WeuSedNSFdataonR＆Dexpendituresatuniversitiesandcolleges，by
Stateandby伝eld（engineering，physicalsciences，mathandcomputersciences，andlife
SCiences）．ForJapan，WeuSedgrants－in－aidfunding（kakanhi）byprefectureandby
field．Becausekakenhirepresentsabout30％oftotaluniversityreSearchbudgets
（Kneller，1999），Wemultipliedthesetotalsby3．33．Wethenassignthesefield－1evel
expenditurestorespondentsaccordingtolocation．Tbcreatetheindex，WeWeighted
thefield－1evelexpendituresfbrtherespondent’slocationbythescoresonoursurvey
itemsmeasurlngtheimportanceofafieldofscienceorenglneenngfbrafirm’sR＆D．
27However，becausetheincentivetoinvestinsuchactivltymaybeconditionedbythe
utilityofextemal，inparticularuniversity－based，SOurCeSOfinformation，WereCOgnlZe
thatthisvariablemaybeendogenous．
28Thesechannelswerechosenpartiallybasedontheliteratureciteddboveandpartially
basedonaspecificationsearchdesignedtoidentifythemechanismsthatwerestrongly
associatedwiththeuseofpublicresearch．
29whenweused…publicconferencesandmeetlngSHasourmeasureofpublicscience，
WeObtainverysimilarresults．Thesetwoitemsarecorrelatedabout．70ineachcountry．
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research，aformaltie，inpartasacontrastwithmoreinformalmechanisms．Finally，We
includetemporarypersonnelexchangesasachannel，aSPnOrreSearChonR＆D
managementinJapanSuggeStSthatthismaybeakeycountrydifferenceinthemeans
fbraccessinguniversityresearch（e．g．，Aoki，1988）．Allfburofthesechannelsscore
higherinJapanthanintheU．S．（seelhble5）・
AlthoughwedonothavedirectmeasuresoftruSt，OrflexibilityofIPRpolicies，
WedohavereasonstobelievethatthesearegreaterinJapan，andthatthismight
COntributetotheobservedcountrydiffbrences．Sincerelationshipstendtogrowin
truStOVertime，therelativelylongertenureofJapaneSeenglneerSWiththeircompanies
（COmParedtoAmeriCanengineers）shouldincreasethetruStbetweenthepersonnelofa
givencompanyanduniversityfaculty（Lynn，2002）・Finally，WhileAmerican
universitiesmayhavemorefreedomtosetformalIPRpolicies，Wehavealreadynoted
thatinfbrmaltransfbrofintellectualproperty，WhilepresentintheU．S．（Owen－Smith
andPowell，2001），isthenormintheJapan（Kneller，1999b）．Thus，WeSuSPeCtthat
thisgreaterabilitytoinformallyreceiveuniversity－basedIPRmayalsocontributetothe
Observeddiffbrenceinuseofpublicresearch．Whilewedidnotmeasuretheflexibility
OfuniversityIPRpoliciesdirectly，Wedomeasuretheimportanceofinformal
interactionasamechanismforaccesslngPublicresearchresults．Again，WeSeethat
JapaneSefirmSratethismuchmorehighlythandoAmericanfirms（Figure4）．
hordertoconsiderwhethertheseorganizationalandinstitutionalcharacteristics
explaintheobservedcountry－1eveldifferences，WeranaSeriesoflogit（OrOrdered－1ogit）
regressionmodelswithourthreekeymeasuresoftheimportanCeOfpublicresearch
（whetherpublicresearChinstitutionssuggestednewprojects；Whethertheycontributed
toprqjectcompletion；andthepercentofindustrialR＆Dprq］eCtSthatusedpublic
research）asthethreedependentvariables，andmeasuresofnrmCharacteristicsand
Strategiesasthepredictors．Insofarasmanyofourrighthandsidemeasuresarelikely
endogenous（SOmemOrethanOthers），thisexerciseshouldbeconsideredexploratory，
PrOVidingafirst－CutdescnptlOnOfarangeofempiricalrelationships．
TheresultsarepresentedinTables6a－6C．Foreachofthethreedependent
Variables，Wefirstshowabaselinemodelwithcountry，firmSize（andR＆Dunitsizefbr
thefirsttwomeasures）andindusはyfixedeffects（28industrydummies，nOtShown）．30
30weincludeunitR＆Demployeesontherighthandfbrthetwospecificationswhere
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WecanSeethatJapanesefirmsreportstrongertiestopublicresearchacrossallthree
dependentvariables．WealsoseethatlargerfirmSrePOrtCloserlinks（althoughtheeffect
forsuggestingnewprQjectsisnotsignificant），COnSistentwiththeresultsfromCohenet
al．［2002a］，SuggeStingthatlargernrmSbenefitdisproportionatelyfrompublicresearch・
And，aSeXPeCted，thenumberofR＆Demployeesinaunitslgnificantlyinfluences
WhetherpublicresearcheithersuggestsnewproJeCtSOrCOntributestoprQJeCt
COmPletion．
Wethenaddpercentbasicresearch，bothreflectingafirm’sclosenessto
upstreamresearchandasameasureofabsorptivecapacity・Forallthreedependent
variables，thereisapositiveeffbct（althoughnotsignificantforcontributingtoprQject
COmPletion）．However，althoughJapaneSefirmSarehigheronbasicresearch，thisdoes
notsubstantiallyreducethecountrydifference・Wethenaddspecialization（ameasure
OfthepercentofR＆Dpersonnelreceivlngtheirdegreeinthatfieldforwhichthe
Pluralityoflabpersonnelreceivedadegree），jobrotation（i・e・，Whetherjobrotationhad
beenusedsometimeinthepriorthreeyearstoincreasetheinteractionbetweenthe
respondent’sR＆Dpersonnelandotherfunctionalunits）andproximity・Allthreeare
POSitive，andtheeffectsaregenerallysignificant（Ornearlyso），eXCePtfbrspecialization
On“SuggeStlngneWPrQjeCtS．”Includingthesemeasuresdoesnotreducethecountry
effect．hfact，thesizeoftheJapaneffbctincreasesbyaboutastandarddeviation・We
thenincludemonitoring（i．e．，thepercentofR＆Dpersonneltimedevotedtomonitoring
andgatheringinformationonnewscientificandteclmicaldevelopments）・Investment
ininformationgatheringandmonitonnglSaSSOCiatedwithpublicresearchsuggestlng
newprq）eCtSandwithpercentofprQJeCtSuSlngPublicresearch，butnotwithpublic
researchcontributingtoprq］eCtCOmPletion・Thecountryeffectdoesnotchange，Which
maynotbesurpnslngSincetherewaslittledifferencebetweencountriesinthe
thedependentvariablesreflect，reSPeCtively，Whetherinformationfrompublicresearch
hassuggestedanewR＆Dprq）eCtOrCOntributedtothecompletionofaneXisting
Prq］eCt・ThisisintendedtoprovideaproxymeasureofthenumberofR＆DprQJeCtStO
COntrOlfbrthefactthat，aSthenumberofR＆DprQJeCtSincrease，itismorelikelythat
informationfrompublicresearchinstitutions（OranySOurCe）willbeemployedsimply
OnaStOChasticbasis，nOtreflectinggreaterintensltyOfuseofpublicresearch・We
recognlZe，however，thatR＆Dunitemployeesislikelyendogenousinthesetwo
SPeCifications，andwewillinstrumentforitinthenextversionofthepaper・ForT五ble
6C，thiscontrolisnotnecessarybecausethedependentvariableisexpressedasthe
peTT：entageOfR＆Dprq］eCtSmakinguseofpublicresearch・
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PerCentageOfR＆Dpersonneltimededicatedtomonitonng．Addingthisvariable
reducessomewhattheeffectsofspecialization，rOtationandlocaluniversityresearch．
Finally，WeaddourmeasuresoftheimportanCeOfdiffbrentchannelsof
accesslngPublicresearch，Whereweaskedrespondentstoassess，OnaSemanticLikert
SCale，theimportanceofeachchannelorsourceofinfbrmationonpublicresearchtoa
recentlycompletedmaJOrPrq）eCt．Ofthevariousregressorsinourmodel，these
measuresaremostclearlyendogenousinthatfirmsmaywellhaveinvestedintheuseof
thesediffbrentchannelsinordertoaccesspublicresearch．Thus，theperceived
relevanCeOfpublicresearchmaydrivetherelianCeOnaParticularchannel．Ybt，What
WearetrylngtOdohereisexaminethedegreetowhichpattemsinuseofthesechannels
Can，inessence，knockoutthepositivecountryeffectreflectedinthesignificantJapan
dummyvariable．Ofthefourmechanisms，COntraCtreSearChgeneral1yhasthebiggest
effect（althoughitissecondtopublicationsfbrpredictingpercentofprqjects）．Our
Publicationsvariablealsohasapositiveeffbctonallthreemeasures．Infbrmal
interactionisalsogenerallypositive，thoughonlystronglyslgnificantinthecaseof
PerCentOfpr（刀eCtS．Personnelexchangeisonlyslgnificantinthecaseofpercentof
PrQJeCtS．Whenweincludethesevariables，Wefindthecountryeffbctsubstantially
decreases，becomlnglnSlgnificantforcontributingtocompletion，andevennegativein
thecaseofpercentofproJeCtS．Thus，Whenweaddmeasuresofthechannelsof
accessingpublicresearch（allfburofwhichscorehigherinJapan），thecountry
diffbrencesarelargelyeliminated・31whileprovidingsomeinsightintothesourcesof
thecountryeffect，thatinsightis，however，limited；thefindingsimplypushesthe
questionbackonelevel．Westilldonotknow，fbrexample，WhyJapanesefirms
appeartomoreintensivelyexploitpublications，infbrmalinfbrmationexchangeor
COntraCtSaSlinkstopublicresearch．
Inadditiontotheeffectsofthesedifferencesinorganizationalcharacteristics，
therearelikelytobeother，unmeaSuredfactorsthatexplaintheobservedcountry
diffbrences，andperhapsevenprovidesomeunderstandingofwhyJapaneSefirmS
exploitspecificchannelsmoreintensively．Onepossibilityisthat，duringoursample
31Tbfurtherexplorethecountrydifferences，WeteStedseveralmodelsthatincluded
COuntryinteractiontermS・Overal1theseanalysesprovidednoevidenceofsystematic
COuntryinteractioneffects．
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Period，Japaneseuniversitiesproducemoredownstreamresearch，Whichismore
accessibleandmoreusefultofirms・Forexample，AmeriCanuniversitiesproduce
PrOPOrtionatelymoresciencePhDs，WhileJapaneseuniversitiesproducemore
englneenngPhDs・ForeverylOOenglneenngPhDs，Americanuniversitiesgraduate
191sciencePhDs，WhiletheJapaneseproduceonly49（NISTEE1995）．Similarly，
Only33％ofJapaneseuniversltyreSearChisHbasic門，WhileAmericanuniversltyreSearCh
is62％basic（NISTEP，1995）．32　Thus，itmaybedifferencesinuniversities，ratherthan
differenceswithinfirmS，thatexplainthecountrydifferences．
9．Conclusiom
Ourpnorworkshowedthat，intheU．S．，Publicresearchwasbroadlyusefulfbr
industrialR＆D，andthat，COnSistentwithafbedbackmodel，itwasatleastasimportant
forhelpingcompleteexistingprojectsasforsuggestingnewprqjects（Cohen，eta1．，
2002a）．Inaddition，Wefbundthatopenchannelsofscientificcommunication（SuChas
Publicationsandconfbrences）werekeyforaccessingpublicresearch．Inthispaper，
WeShowthat，desplteaVerydifferentinstitutionalcontext，theseresultsgeneralizeto
thecaseofJapan・Again，WefindthatpublicresearchisaboutonparwithCompetitors
asaninformationsource，SuggeStlngthatpublicresearchinstitutionsinbothcountries
makeasubstantialcontributiontotheprogressofteclm0logy．Publicresearchismost
Criticalfbrthedrugindustry（SeeHenderson，eta1．，1999，Zucker，eta1．，1997）．
However，Publicresearchisbroadlyusefu1，andtheuseisnotlimitedtohigh－teCh
industries．hadditiontoindustriessuchasdrugS，Semiconductorsandcommunication
equlPment，SeVeralmatureindustries，SuChasfood，mOtOrS／generatorsandcar／truCk，
alsodependheavilyonpublicresearchfindings．
Furthermore，incontrasttosome（thoughnotal1）priorwork，We丘ndthatthe
impactofpublicresearchinJapanisatleastasstrong－andperhapsstrongeト」hanin
theU・S・Althoughsurvey－based，allofourmeasuresofimpactpointtothispattem・
AtleastpartofthediscrepanCybetweenstudiesmayreflecttheuseofdifferentmetrics．
StudiesthatrelyheavilyoneitherpatentingorlicenslngaCtlVltyWilltendto
32An0therpossibledifferencesisthat，becausemanyuniversltyPrOfessorsinJapanare
（national）publicemployees，theymayfeelastrongobligationtoaccommodaterequests
forinfbrmationfromfirmS（Seefu．22above）．WhilemanyprofbssorsintheU．S．are
StateemPloyees，thepublicservantethosmaynotbeasstrong．
32
－242－
underestimatethestrengthoftiesbetweenpublicresearChandindustryinJapan，Perthe
discussionaboveofthedifferentwaysinwhichpatentsareasslgnedtotheoutputsof
Publicresearch，andbecausepatentlngandlicenslngaCtivltytendstoapply
differentiallyacross丘eldsandindustries．EvenintheU．S．，PatentSandlicensesare
Onlyasmallsubsetofthelinksbetweenpublicresearchinstitutionsand丘rms（Cohen，
etal・，2002a，AgrawalandHenderson，2002）・However，despitethisoverallpattem，
Wealsoseeslgnificantdifferencesbyindustry．Inparticular，incommunications
equlPmentandcar／truCk，thepatternisreversed，WithAmeriCan丘rmSrelyingmore
heavilyonpublicresearch．
Wealsomadesomepreliminaryeffortstoexplainthecountrydifferencesby
examlnlngtheorganizationalcharacteristicsthatmightbeassociatedwithlinksto
Publicresearch．We丘ndthatbasicresearch，disciplinaryspecializationoftheR＆D
lab，jobrotation，PrOXi血ItytOuniversities，andinvestmentinmonitonngtechnical
developmentsareallgenerallyassociatedwithgreateruseofpublicresearch．
However，nOneOfthesefactorsexplainthecountrydifference．Theuseofcontract
research，PublicationsandinfbrmalinteractiontoaccesspublicresearCharealso，nOt
SurPnSlngly，aSSOCiatedwithgreaterrelianCeOnPublicresearch．Whenwecontrolfor
thesediffbrentchannels，WhichareallusedmoreheavilyinJapan，thecountry
differenceislargelyeliminated・Wenoted，however，thiseliminationofthecountry
effectsimplyputsthequestionbackonestep－WhydoJapanesenrmSaPPearStO
exploitthesechannelsofaccesstopublicresearchmoreintensively？Amore
SyStematice臨）rtisstillneededtomeasuremoreclearlytherelevantvariablesandto
addressissuesofendogenelty・Ourresults，COmbinedwithanearlierfindingofgreater
intra－industryspilloversinJapanthanintheU．S．（Cf．Cohen，eta1．，2002b），SuggeStSa
needfbrfutureresearchthataddressesthefactorsthatdrivedifferencesinfirmS，
“realizedteclm010gicalopportunities”acrossnations－SPeCificallythedifferencesin
incentivesandabilitiestoincorporateresearchfrompublicresearchandrivals．
Becausethesedatawerecollectedinl994，theyhavesomeweaknessesand
Strengthsthatshouldbenoted．Since1994，muChhaschangedineachcountry，SOthat
theresultsmightnotgeneralizetocontemporarycircumstances．However，thisalso
OffbrsustheopportunltytOCOmParethetwocountriesbefbremanyOfthereformSin
Japan，butaftermanyOftheAmericanrefbrmShadbecomeinstitutionalized．
Thesefindingssuggestcautionwheninterpretlngtherelativeinfluenceofpublic
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researchbasedonindicatorsthatreflectthepatent－1icense－VenturemOdeloftechnology
transfbr，ParticularlyintheperiodbeforereforminJapan．AsJapaniscurrently
undergoingsubstantialrevisiontoitssystemofnationaluniversities（e・g．，
agencification），WeWillneedtorevisitthesequestionstoseehowuniversitiesare
respor）dingtothenewenvironment．Similarly，intheU．S．case，20yearsofexperience
WiththepostdreformenVironmenthasprovidedanopportunityforrethinkingthe
relationbetweenpublicandprivateresearch（Cf．，Nelson，2001）．Weshouldtakethis
OPPOrtunltytOreCOnSiderwhatkindofsystemwillachievethegoalsofpromotlng
innovationandencouraglngeCOnOmicgrowthineachcountry．
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Tablel．ComparisonbetweenJapaneSeandU．S，Industry－UniversityCooperation
Japan US
TLOs 26 142
PatentApplicationsFiledl1］ 1145 5263
Licensesl2］ 231 3606
Royalties ＄3．OMilion ＄1．11Billion
University－basedventurecompanies 263 2624
Licensingratel2／1］ 17％ 64
Source：Hashimoto，2003．
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1hble2・TbplOAmericanUniversities，FederalFunding，1993，2001
1993USA（FederalR＆D）　　　　　　　　　　　　　2001USA（FederalR＆D）
Percentoftotal Cumulative％　　　　　　　　　　　　Percentoftotal CumuIative％
JohnsHopkins
UWashin或On
MIT
Stanfbrd
Michigan
UCSD
Wisconsin
UCSF
Cornell
UCLA
5．63，i
2．25％
2．24％
2．13％
2．09％
2．03％
1．79％
1．76％
1．63％
1．58％
5．63，i
7．88％
10．12％
12．25％
14．34％
16．37％
18．16％
19．92％
21．55％
23．13％
JohnsHopkins
UofWashington
Michigan
Stanford
Pennsylvania
UCSD
Columbia
UCLA
CoIorado
MIT
4．58，‘
2．27％
2．06％
2．00％
1．83％
1．79％
1．65％
1．63％
1．61％
1．59％
4．58，i
6．85％
8．92％
10．92％
12．75％
14．54％
16．20％
17．83％
19．43％
21．02％
β3，01＝．71
Gini93＝．19
GiniOl＝．17
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Table3．TbplOJapaneSeUniversities，Grantsqin－Aid，1993，2002
1993Japan（Kakenhi）　　　　　　　　　　　　2002Japan（Kakenhi）
Percentoftotal Cumulative％　　　　　　　　　　　　Percentoftotal Cumulative％
Tokyo
Kyoto
Osaka
Tohoku
Nagoya
TokyoKogyo
Kyushu
Hokkaido
Tsukuba
Hiroshima
14．52％
9．39％
6．27％
5．00％
3．92％
3．69％
3．63％
3．40％
1．80％
1．58％
14．52％
23．91％
30．18％
35．18％
39．10％
42．79％
46．42％
49．82％
51．62％
53．20％
Tokyo
Kyoto
Osaka
Tohoku
Nagoya
Hokkaido
Kyushu
TokyoKogyo
Tsukuba
Hiroshima
14．00％
7．12％
5．40％
5．20％
4．09％
3．57％
3．40％
2．75％
1．84％
1．55％
14．00％
21．12％
26．52％
31．73％
35．82％
39．39％
42．79％
45．54％
47．39％
48．94，i
β3，01＝．95
Gini93＝．35
GiniOl＝．35
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lndustrYfundedresearchasapercentoftotalacademicR＆D，USandJapan，1981to1999
Figurel・IndustryFundedResearchasapercentoftotalacademicR＆D，USandJapan，1981to1999．
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－◆lJapan
＋UnitedStates
Table4．FirmandbusinessunitsizeintheUSandJapaneSeSamPles・
Sales（US＄Millions） Employees
US Japan US Japan
FirmSize
Median 145 558 8600 1476
Mean（unweighted） 6067 1956 30009 3720
Mean（weighted） 6020 1793 29272 3462
Businessunitsize
Median 300 361 1000 850
Mean（unweighted） 2403 1264 6282 2229
Mean（Weighted） 2813 1122 6791 1945
Note：lUSD＝103．8JPY，March，1994exchangerate．
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Figure3・TheimpactofuniversityresearchonindustrialresearchprqjectsintheU．S．andJapan
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Thble5．FirmCharacteristicsandinfbrmationgatheringstrategleS，U．S．andJapan．
Strategy US Japan
Mean S．e． Mean S．e． Sig．
Basicresearch％ 5．2 ．32 8．5 ．43 ＊＊＊
Specialize％ 43．6 1．28 26 1．21 ＊＊＊
Jobrotation％ 59．8 ．02 75 ．02 ＊＊＊
LocaluniversityR＆D （index） 0．385 ．011 ．142 ．006 ＊＊＊
Monitonngandinfbrm ationgathering％ 11．7 0．37 12．2 0．34 nS
Universitypublicationsasinfb．source（4－Pt） 2．41 ．04 3．00 ．03 ＊＊＊
Inform alinteractionwithuniversity（4－Pt） 2．25 ．04 2．66 ．04 ＊＊＊
Contractresearchwithuniversity（4－Pt） 1．95 ．03 2．46 ．04 ＊＊＊
Tbmporarypersonnelexchangewith univ．（4－Pt） 1．95 ．03 2．46 ．04 ＊＊＊
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Table6a・UseofuniversltyreSearChtosuggestnewproJeCtSandnrmcharacteriSticsandinformationgatheringstrategleS・
Suggest
Estimate　StdErr　　 P）ChiSq Estimate　StdErr　 P）ChiSq Estimate　StdErr　　 P）ChiSq Estimate　StdErr　　 P）ChiSq Estimate　StdErr　　 P）ChiSq
JAPAN 0．7866　　 0．1394　 く．0001 0．7249　　 0．1422　 く．0001 0．9522　　　 0．176　 く．0001 0．9346　　 0．1806　　く．0001 0，427　　 0．2053　　 0．0375
LOGFIRMSALES 0．045　　 0．0507　　　 0．375 0．0332　　 0．0514　　 0．5177 0．0565　　　 0．055　　 0．3042 0．0537　　 0．0568　　　 0．345 0．0239　　 0．0597　　 0．6884
LOGRDEES 0．2896　　 0．0491　 く．0001
－3．385　　 1．017
0．2959　　 0．0499　 く．0001 0．2521　　 0．0551　 く．0001 0．2846　　 0．0574　　く．0001 0．2343　　 0．0602　　く．0001
％BASIC 0．0251　　 0．0073　　 0．0006
－3．204　 1．0297
0．0228　　 0．0077　　 0．0031 0．021　 0．0078　　 0．0069 0．0157　　 0．0082　　 0．0555
SPECLAuZE 0．0033　　 0．0023　　 0．1464 0．0028　　 0．0023　　 0．2337 0．0015　　 0．0024　　 0．5296
ROTATION 0．303　　 0．1532　　　 0．048 0．2946　　 0．1568　　 0．0603 0．1984　　 0．1657　　 0．2312
LOCALUNR＆D
MOMTOR
READPUBS
INFORMAL
CONTRACT
EXCHANGE
lntercept
0．8691　　 0．2946　　 0．0032
－3．998　 1．1069
0．8814　　 0．3031　　 0．0036
0．0167　　 0．0077　　 0．0295
－4．36　 1．1482
0．6946　　 0．3125　　 0．0262
0．012　　　 0．008　　 0．1343
0．1934　　 0．1001　　 0．0534
0．1665　　 0．0923　　 0．0711
0．5054　　 0．0916　 く．0001
－0．014　　 0．日24　　　 0．899
－5．059　 1．2131
N 1226 1205 1086 1043 1022
chトsq 176．58 187．83 187．75 192．49 254．95
df 36 37 40 41 45
Note：A11modelsincludeindustrycontroIs（notshown）．
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Thble6b．UseofuniversltyreSearChtocontributetoprq］eCtCOmpletionand丘rmcharacteristicsandinformationgatheringstrategleS・
Complete
Estimate　StdEr　　 P〉ChiSq Estimate　StdErr　　 P〉ChiSq Estimate　StdErr　　 P〉ChiSq Estimate　StdErr　　 P）ChiSq Estimate　StdErr　　 P〉ChiSq
JAPAN 0．597　　 0．1377　　く．0001 0．5472　　 0．1412　　 0．0001 0．7381　　　 0．173　 く．0001 0．7384　　 0．1779　　く．0001 －0．019　　0．2104　　 0．9294
LOGF］RMSALES 0．1262　　 0．0487　　 0．0096 0．1255　　 0．0495　　 0．0113 0．1296　　 0．0527　　 0．0139 0．1339　　 0．0544　　 0．0139 0．1032　　 0．0592　　 0．0815
LOGRDEES 0．2023　　 0．0469　 く．0001
－4．245　　0．9834
0．2259　　　 0．048　く．0001 0．1973　　 0．0531　　 0．0002 0．2141　　 0．0554　　 0．0001 0．1417　　 0．0609　　　　 0．02
％BASIC 0．0106　　 0．0072　　 0．1414
－4．395　　　　　 1
0．0087　　 0．0076　　　 0．255 0．0091　　 0．0078　　　 0．243 0．0003　　 0．0085　　　　 0．97
SPEClAuZE 0．0061　　 0．0022　　 0．0052 0．0055　　 0．0023　　 0．0149 0．0043　　 0．0024　　 0．0781
ROTATION 0．2687　　 0．1493　　　 0．072 0．2457　　 0．1532　　 0．1089 0．1201　　 0．1678　　 0．4744
LOCALUNR＆D
MONITOR
READPUBS
lNFORMAL
CONTRACT
EXCHANGE
lntercept
0．5543　　 0．2876　　　 0．054
－4．798　 1．0669
0．5106　　 0．2975　　 0．0861
0．0008　　 0．0077　　 0．9213
－5．066　 1．1076
0．232　　　 0．319　　　 0．467
－0．008　　0．0087　　 0．3783
0．2931　　 0．1017　　　 0．004
0．1817　　 0．0938　　 0．0526
0．7154　　 0．0963　　く．0001
0．1021　　 0．1153　　 0．3758
－6．375　 1．2198
N 1215 1193 1076 1035 1014
chトsq 15245 163．45 160．13 170．66 297．35
df 36 37 40 41 45
Note：AllmodelsincludeindustrycontroIs（notshown）・
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Table6C．Percentofresearchprq］eCtSuSlnguniversltyreSearChand丘rmcharacteristicsandinformationgatheringstrategleS・
PercentPrqjects
Estimate　StdErr　　 P）ChiSq Estimate　StdErr　　 P）ChiSq Estimate　StdErr　　 P）ChiSq Estimate　StdEr　　 P〉ChiSq Estimate　StdErr　　 P）ChiSq
JAPAN 0．4251　　 0．1171　　 00003 0．3128　　 0．1204　　 0．0094 0．5099　　　 0．145　　 0．0004 0．5417　　 0．1481　　 0．0003 －0．424　　 0．1746　　 0．0151
LOGF］RMSALES 0．1614　　 0．0356　　く．0001
－8．665　　 0．8403
0．1579　　 0．0363　　く．0001 0．1318　　 0．0389　　 0．0007 0．1524　　　　 0．04　　 0．0001 0．0886　　 0．0427　　 0．0382
％BASIC 0．0215　　 0．0056　　 0．0001
－8．768　　 0．9218
0．0171　　 0．0059　　 0．0039 0．0133　　　 0．006　　 0．0275 0．0078　　 0．0063　　 0．2157
SPECTAuZE 0．0042　　 0．0019　　　 0．023 0．0028　　 0．0019　　 0．1457 －9E－05　 0．0021　　 0．9657
ROTAT10N 0．3689　　 0．1265　　 0．0035 0．3482　　 0．1294　　 0．0071 0．1777　　 0．1375　　 0．1964
LOCALUNR＆D
MOMTOR
READPUBS
INFORMAL
CONTRACT
EXCHANGE
Intercept
0．9091　　 0．2396　　 0．0001
－8．814　　 0．9525
1．0132　　 0．2447　　く．0001
0．0275　　　 0．006　 く．0001
－9．732　　 0．9487
07269　　 0．2558　　 0．0045
0．0219　　 0．0062　　 0．0005
0．529　　 0．0867　　く．0001
0．2594　　 0．0779　　 0．0009
0．414　　 0．0773　　く．0001
0．2294　　 0．0932　　 0．0139
－11．3　 1．0201
Intercept2 －6．819　　 0．7966 －6．908　　 0．8791 －6．949　　 0．9108 －7．73　　0．8951 －9．221　 0．9665
Intercept3 －5，739　　 0．7892 －5．828　　 0．8716 －5．861　 0．9034 －6．587　　　 0．886 －8．013　　 0．9554
Jntercept4 胃3．906　　 0．7801 －3．912　　 0．8618 －3．953　　 0．8935 －4．68　　 0．874 －5．874　　 0．9396
N 1365 1321 1191 1143 1112
Chトsq 117．29 129．45 143．91 159．67 334．01
df 35 36 39 40 44
Note：AllmodelsincludeindustrycontroIs（notshown）．
54

至
（
〇
≒
童
で
つ
i
i
i
∃
c
O
≡
≡
ぐ
つ
巳
1
－
書書く⊃
E
≡
害
▼
‾
E
l
‾
≡
≡
く
つ
